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ADVERTISEMENT. 



In submitting this work to the public, the Editor 
deems it right to state briefly in what respects the 
present edition of Mr. Lawrence's translation of 
Blumenbach differs from the original edition of 
1807. The difference consists partly in the addition 
of new matter, and partly in a new, and, he trusts, 
improved arrangement both of the text of the author, 
and of the additional notes of the Translator. 

With respect to the new disposition of the matter, 
the notes of Blumenbach have been incorporated, 
whereverithasbeenpracticabletoeffect such an union, 
with the text; an arrangement which is sanctioned, in 
many instances, by the authority of the author him- 
self in the later editions of his work; and which will 
be found, it is hoped, to contribute not less to the pro- 
fit, than to the convenience of the student. Frequent 
annotations necessarily divert the attention of the rea- 
der from the chain of reasoning, or the detail of facts 
which the text may present to him ; and there is the 
less reason for isolating the information contained in 
the notes of Blumenbach, as it is for the most part 
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11 AUVERT1S£MENT. 

Strictly relevant to the subject matter of the text. 
The additional notes of Mr. Lawrence, which, id 
the edition of 1807, were annexed en masse to the 
end of each chapter, have, in this edition, been 
printed in a distinct type at the end of each para- 
graph of the text which they are designed to illus- 
trate. 

Of the new matter, part has been introduced bjr 
the author in editions of this Manual, subsequent to 
that translated in 1807, and part has been annexed 
to, or incorporated with the notes of Mr. Lawkemce 
by the present editor. 

The works of the more recent pbysiolt^sts and 
comparative anatomists, especially those of Cuvier, 
Blainvillu, RuDOLPHi, Carus, Meckel, Tiede- 
HANN, and the Lectures of Sir E. Home, have been 
diligently examined, with a view of supplying such in> 
formation as the lapse of twenty years had rendered 
necessary, in order to complete the plan of illnstra' 
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Lawrence, preferring rather to place bis own hunf- 
ble endeavours to increase the utility of the work 
noder the shelter afforded to them by the name of 
the distinguished Translator. 

To that eminent individual the Editor has now to 
make bis public acknowledgments for the mark of 
fiiendabip and confideoee with which be has been 
honoured, in being intrusted with the superintend- 
ence of this publication. For tl^ sake of the sci- 
ence, indeed, he regrets that the numerous profes- 
sional avocations of Mr. Lawrence have prevented 
him from presetting the public with an improved 
edition of this, one of his earliest literary produc- 
tions; but he trusts, that as far as diligence and zeal 
can supply the want of the Translator's superintend- 
ing care, the confidence which has been reposed in 
him has not been entirely misplaced. Mr. Law- 
rence's translation of this work was produced at 
the outset of his professional life^ at a time when a 
knowledge of the German language might be consi- 
dered a rare acquisition in this country; and his il- 
lustrations of the text, even at this early period of 
his career, afforded an earnest of that reputation 
which he has since acquired by the splendour of 
his physiological researches. Blumenbach has him- 
self borne ample testimony to the merits of his com- 
mentator ; indeed it is as gratifying to remark the spi- 
rit of candour and cordial approbation with which 
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the labours of our distinguished countryman are 
aniformly noticed by the continental writerEi, as it is 
huutiliating to reflect on the spirit of envy and ma- 
lignity by which they hare been assailed at home. 
Envy and malignity, however, have done their 
' worst ; it may be said rather that they have had the 
efiect of establishing the fame of Mr. Lawkbncb, 
and of placing, beyond all competition, his claims 
to the highest rank in his profession. 

The Editor cannot conclude these observations 
without expressing his acknowledgments to Mr. 
Clift, the conservator of the Hunterian Museum, for 
the great facilities he has afforded him in the prose- 
cntion of inquiries connected with this publication. 
The value of the Hunterian Mnsenm, with a view 
to any practical advantage tiiat can be derived from 
it in physiological or pathological investigations, is 
indeed greatly diminished hy the want of a digested 
catalogue of its contents. This want will, it is tO 
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TO 



THE FOURTH EDITION. 



I WAS first led, both by mclination and by the nature 
of my professional pursuits, to devote the greater 
portion of my time to the study of physiology, or the 
foundation of medical science^ as it has been termed 
by ZiMMERMANN, and to natural history, or the ma- 
teria prima philosophic , as it hasbeen called by Ba- 
con. I soon became convinced, and experience has 
confirmed my conviction, that Haller was right 
when he said of comparative anatomy, that it had 
thrown more light upon physiology than even the 
dissection of the human subject; an opinion which 
has been further sanctioned by the authority of Leib- 
nitz, who has declared comparative anatomy to be 
the soul of that branch of knowledge which is de- 
dicated to the history of the animal kingdom. If I 
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may ventore to believe that I have not laboured in 
vain in these two departments of science, the sue* 
cess of my efforts is to be attributed to the collateral 
assistance which I have derived from comparative 
anatomy. As 1 may at least claim the merit <^ 
having beea the first to deliver lectures aanually on 
this subject, iu Germany, and of having by these 
means excited a taste for the science, and a zeal to 
contribute to its advancement; so 1 trust that this 
edition of my Manual, the first work of the kind 
which has ever appeared on comparative anatomy, 
as applied to the whole animal kingdom, will fur- 
ther facilitate the study, and render it more univer- 
sally useful. I have tbe more reason to think that 
my readers will approve the plan of this work, as it 
is, in fact, the same which 1 have pursued in my 
elementary treatises on physiol<^y and uaturel his- 
tory; and wbicb.from the various adrooioges it com- 
bines, has been found best calculated to afford fiici> 
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branches of knowledge. It is evident that a minute 
description of the muscles, vessels, nerves, &c., 
of the various classes of animals, could not be 
oomfNTised within the limits which I have prescribed 
to myself. Comparative Osteology, howev^, de* 
serves a more detailed examination, for the skele- 
tons of Ted-blooded animals are not only intimately 
connected with the rest of their anatomical struc* 
ture, but also with their form, economy, and peculiar 
habits. 

To domestic animals, and to such as the sports of 
the field bring most frequently under our notice, I 
have paid particular attention ; partly, because such 
animahi are most easily procured for dissection, and 
partly on account of the great interest which is 
likely to be taken in a correct knowledge of their 
structure. With regard to foreign animals, I have 
uniformly adverted to their most striking peculiari* 
ties. 

I have carefully cited my authorities for such 
facts as I have not myself had an opportunity of 
verifying; availing myself, in such cases, partly of 
the best engravings which have been published, and 
partly of the best monographs, and papers which 
have appeared on the subject of comparative anato- 
my in periodical collections ; so that I have scarce- 
ly omitted to notice a single author who has contri- 
buted any thing of importance, and the notes to this 
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Manaal fornisb a complete synopsis of the litcratore 
of the science. 

I have devoted a laige portion of the work to the 
classes of warm-blooded animals, as those in which 
readers, whose time will not admit of extended in<- 
vestigation, will take the greatest interest. I have 
not, however, n^Iected the classes of cold-hlooded 
animals, and the two last classes of the Linnsean 
system, having generally explained the comparative 
anatomy of the invertebrated animals, by an exam- 
ple or two taken from each class. 

To such authorities as the lat^e systematic works 
of Blainville, Cards, Cuvier, Geoffroy, Meck- 
el, RuooLPHi, TiEDEHANN, and Tkevirands, I 
now, to avoid frequent repetition, refer once for all. 
The same observation applies to the engravings 
given by some of these writers, and especially by 
CuviER and Carus, as well as to the masterly mo- 
nographs of BOJANDS, CUVIER, HoHE, SpiX, 
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for not having translated many well known technical 
Latin terms, the translation of which would, in fact^ 
have rendered the things signified less intelligible; 
nor is it, I trust, necessary for me to enlarge on the 
numerous additions and improvements by which 
the utility of the work has been increased in this 
edition. 

J. F. Blumenbach. 



Gottingen^ 
March 31, 1824. 
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INTRODUCTION.* 



Anatomical structure is the natural foundation 
on which a systematic arrangement of the different 
classes and species which compose the animal king- 
dom may be established. Aristotle has adopted 
to a certain extent this basis of classification ; but it 
is evident that no great advances could be made by 
the ancients in a branch of knowledge, which pre- 
supposes an intimate acquaintance with the struc- 
ture and organization of animals. No attempt at 
classification before the time of LiNNiEUS haa any 
pretensions to the name of a system affording accu- 
rate criteria for distinguishing the different classes 
of animals. The classification of Linnseus^ which 
is adopted with some modifications by Blumenbach 
in the following work, is founded on the observation 



^ This introduction is substantially the same as that given by 
Mr. Lawrence in the original edition of this work/ 
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of differences of stractare io the organs of circola- 
tion in sach animals as possess a cardiac system. 



Mammalia, viviparous . 
Krds, oviparons . . . 
Amphibia, respiring by 

longs 

Fishes, breathing by 

gills ...... 

Insects, furnished with 

antennae .... 
Vermes, furnished with 

tentacula . . . . , 



^Heart raroished with two 
< ventricles, twoaaricles; 
(_ blood warm and red. 
/- Heart furnished with one 
1 ventricle and one an- 

I ride; blood cold and 

- red. 

Sanies cold and colour-' 
less. 



Animals may be divided into two great families; 
the first family possessing vertebrs and red blood ; 
the second witboat vertebrae, and most of them with 
white blood. The former have always an internal 
articulated skeleton, of which the chief connecting 
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Tbe brain is inclosed in a particular osseoas ca- 
vity of the bead, called tbe cranium. All tbe nerves 
of tbe spine contribute filaments to form a nervous 
cord, wbicb has its origin in tbe nerves of the cra- 
nium, and is distributed to the greats part of the 
viscera. 

The senses are always five in number. There are 
always two eyes, moveable at pleasure. Tbe ear 
has always at least three semicircular canals. The 
sense of smell is always confined to particular cavi- 
ties in the fore part of the bead. 

The circulation is always performed by one fleshy 
Tentricle at least; and where the ventricles are two 
in number, they are always close together, forming a 
single mass. The absorbent vessels are distinct from 
the sanguiferous veins. 

Tbe two jaws are always placed horizontally, and 
open from above downwards. The intestinal canal 
ilB continued without interruption from the mouth to 
the anus, which is always placed behind the pelvis, 
that is, behind the circle of bones which afibrds a 
fixed point for the posterior extremities. The in- 
testines are enveloped within a membranous sac, 
termed peritonaeum. There is always a liver and a 
pancreas, which pour their secretions into the cavity 
of tbe intestines; and there is always a spleen, 
within which part of the blood undergoes some pre- 
paratory change before it is sent to the liver. 
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There axe always two kidDeys far ^ secrelioB of 
arine, placed on the two sides of the B|Mae, and 
witiiont the peritDBaram. The testicles also are 
alwayS'two in Dumber. There are alwaya two'bo* 
dies called atrabiliary capsoles, placed over the kid* 
neys; the use of them is unknown. 

Aoiuials with vertehrs are subdivided into two 
classes, one of which is warm-blooded, aad the 
other cold-blooded. 

Wjum-btooded vertebrated aaimals have always 
two ventricles and a double ctrcuiation. They re- 
spire by tneaas of luogs, and cannot exist widioat 
respiration. The brain almost always filli) the cavity 
of the craninm. The eyes are covered with eye- 
lids. The tympanom of the ear is sunk within the 
cranium ; the different parts of the labyrinth are 
completely inclosed within bone; and besides the 
semicircular canals, the labyrintb contains the coch- 
lea, with two sealte, resembling the shell of the snail. 
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The eyes seldom have moveable eyelids. The tym- 
panum of the ear, when present, is always clos^to 
the surface of the liead ; it is often absent, as are 
likewise the ossicula auditus ; the cochlea is sdways 
wanting. The different parts of the ear are not 
firmly attached to the cranium; they are often 
loosely connected to it in the same cavity as the 
brain. 

Each of these two branches is subdivided into 
two classes. 

The two classes of warm-blooded animals are the 
Hammalia and Birds. 

The Mammalia are viviparous, and suckle their 
young with milk secreted by the mammsB. The fe* 
males have consequently always the cavity termed 
uterus with two comua^ and the males have always 
a penis. 

The bead is supported on the first vertebra by 
two eminences. The vertebrcB of the neck are ne- 
ver less than six, nor more than nine. The brain 
has a more complicated structure than in other 
animals, and contains many parts which are not to 
be found in the other classes, such as the corpus 
callosum, fornix, pons, &c. 

The eyes have two eyelids only. The ear con- 
tains four small bones, articulated together, and has 
a spiral cochlea. The tongue is quite soft and 
fleshy. The skin is covered entirely with hairs, in 
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the greatest namber, and in all it is covo^ pai>>* 
tially. 

The loDgs fill the cavity of the chest, which is 
separated from the abdomeo by a fleshy diaphragm. 

There is one larynx only, situated at the basis d 
the tongue, and completely covered by the epiglottis, 
when the animal swallows. 

The lower jaw only is moveable; both jaws are 
covered with lips. . 

The biliary and pancreatic dacts are inserted 
into the intestinal canal at the same place. Hie 
lacteal vessels convey a white milky chyle, and pass 
through a number of cooglobate glands, situated at 
the mesentery. A membrane, called omeotum, sus- 
pended from the stomach and adjacent viscera, co- 
vers the fore part of the intestines. The spleen is 
always upon the left side, between the stomach,- 
ribs, and diaphragm. 

Bluhenbach establishes the following orders in 
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the other fingers, both in their upper and lower 
extremities, teeth like those of man, except that 
the cuspidali are generally longer. 

1. Simi(B, apes, monkeys, baboons. 

2. LemuVf macauco. 

III. Chiroptera. 

The fingers of the fore feet, the thumb excepted, 
are, in these animals, longer than the whole body ; 
uhd between them is stretched a thin membrane for 
flying. Hence they are as little capable of walking 
bn the ground as apes, wjth their hands, or sloths, 
with' their hooked claws, which are calculated for 
dimbing. 

L Vespertilio, bat, calugo, &c. 

IV. DiGITATA. 

Mammifera, with separate toes on all four feet. 
This order contains the greatest number of genera 
and species, and is therefore conveniently divided, 
according to the differences of the teeth, into three 
families, glires^feraj and h'uta. 

(A) Glires. 

With two chisel-shaped incisor teeth in each jaw, 
for the purpose of gnawing without canine teeth. 

1. SciuruSf squirrel. 

c 
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2. Glis, dormoase [MyoxuSf Linn,) 

3. Mus, mouse and rat 

4. Marmota, marmot 

5. Savia, guinea-pig. 

0. Lepus, hare and rabbit 

7. Jaculus, jerboa. 

8. Hystrix, porcupine. 

(B) Fer«. 

With pointed or angular front Aeetfa> voA. moitljr 
-with only a single canine tooth on each-side, .wlu^ 
is generally, however, of remarkable size and 
strength. The camivorons animals, properly '«o 
called, and some other genera with te^ oftfae 
same kind, compose this &mUy. 

1. Erinaceus, hedgehog. 

2. Sorex, shrew. 

3. Talpa, mole. 
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tion weak* They have no ccecum, and walking they 
rest the whole of the foot on the ground. They live 
principally on insects, whence their name is denized. 
The fourth gedus belongs td the diarsupialia of Gu* 
viER ; the animals of this class have a pouch in the 
abdomen which contains the mammal, as well ais 
the young in their early state. The remaining ge- 
nera, with the exception of the bear, belong to the 
digitigrada of Cuvier. 

(C) Bruta. 

Without teeth, or at least without front teeth. 

1. Brady pus^ sloth. 

%. Myrmecqphaga, ant-eater. 

3. Mams, scaly ant-eater. 

4. Dasypua or Tatu, armadillo. 

This order forms the edentata of Cuvier, the 
tongue is* long, slender, and projectile, for seizing 
the insects on which the animals live. The armadillo, 
manis, ant-eater, and ornithorhynchus, or duck-billed 
animal, belong to this order. 

V. SoLiDUNGULA (Solipcda, Cuv.). 

A single toe on each foot, with an undivided 
hoof. Large intestines, and particularly an enor- 
mous coecum. Incisors in both jaws. 
1. Equns, horse or ass. 

c 2 
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VI. BisuLCA (Pecora). 
These are the ruminaQtiaofCuviER, their hoof is 
difided. No inctBors in the opper jaw. Stomach 
coDsistiog of four caviUes. RuminatioD of the food. 
Long iDtestinea. 

I. Camelus, camel, dromedary, lama. 
a. Capra, sheep, goat. 

3. Antilope, antelope, chamois. 

4. Bos, ox, hufiblo. 

5. Giraffd, giraffe, or camelopard. 

6. Cervtis, elk, deer kind. 

7. Moschus, musk. 

VI [. MULTDNODLA (BellUffi). 

Animals of an unshapely form, and a tough and 
thick hide; whence they hare been called by Cu* 
viEiipac&ydermata{{rom iraxvc thick, and Scp/ua skin). 
They have more than two toes; incisors ia both 
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divided (as in the order Digitata) according to the 
forms of the teeth into three families: 

(A) Glires. (B) Fera. (C) Bruta. 

(A) Glires. 

With chisel-shaped gnawing teeth. 
Castor J beaver. 

(B) Ferje. 

With the teeth of carnivorons animals. 
Phoca^ seal. 

(C) Bruta. 

Without teeth, or at least without front teeth. 

OmithorhynehuSf duck-billed animal. 
Trichechus, walrus. 

The last genus of the order, together with the 
phoca, (seal) constitutes the amphibia of Cuvier. 
These animals have short members adapted for 
swimming. 

IX. Cetacea. 

Whales living entirely in the sea, and formed like 
fishes ; breathe by an opening at the top of the head, 
called the blowing-hole, through which they throw 
out the water, which enters their mouth with the food. 
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Smooth skin covering a thick layer of oily fet. No 
exteroal ear. A complicated stomach. Multilobu- 
lar kidueys; larynx of a pyramidal shape, opening 
towardK the blowing hole. Testes within the abdo- 
men. Mammee at the sides of the vuWa. Bones of 
the anterior extremity concealed and united by the 
skin, 60 as to form a kind of fin. 

1. Monodon, narwhale, sea-unicorn. 

2. Baltetta, proper whales. 

3. Phtfseter, macrocephalus, white whale. 

4. Delphinus, dolphin, porpoise. 

Cuvier distributes the class mammalia into three 
grand divisions: 

1. Those which have claws or nails, (mommt/Jres d 
ongks) including the following orders : bimana, 
quadrumana, chiroptera, plantigrada, carnivora, pe- 
dimana, rodentia, edentata, tardigrada. 

2. Those which have hoofs ^tunmif. h onghi) in- 
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ofiparouB animsih. The head is supported od the 
first vertebrae of the neck by a single eminence. The 
veHehm of the neck are very numerous^ and the 
stemuni very lai^e. The anterior extremities are 
used for flying, and the posterior for walking. 

The eyes have three eyelids. There is no exter^ 
nal ear; thetympanam contains only one bone, and 
the cochlea is a cone slightly curved. The tongue 
has a bone internally. The body is covered with 
feathers. The lungs are attached to the ribs. The 
air passes through the lungs in its way to the air- 
bags^ which are dispersed throughout the body. 
There is no diaphragm. The trachea has a larynx 
at each end, and the upper one has no epiglottis. 
The upper mouth consists of a horny bill without 
lips, teeth, or gums, and both mandibles are move- 
able. 

The pancreas and liver send out several excretory 
ducts, which enter the intestines at different places. 
The chyle is transparent, and there are no mesenteric 
glands nor omentum. The spleen is in the centre 
of the mesentery. The ureters terminate in a cavity 
called the cloaca, which also affords an exit to the 
solid excrement and to the eggs. There is no uri- 
nary bladder. 

This class cannot be distributed into orders so 
clearly distinguished by anatomical characters as 
the preceding one. Blumenbach divides them into 
two leading divisions. 
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(A) Land Birds. 
Order I. Accipitres. Birds of prey, almost all with 
short strong feet, large sharp claws, and a strong 
hooked beak, which for the most part termi- 
nates above in two short cutting points, and is 
' commonly covered at the root with a fleshy 
membrane. A membranous stomacli, aod short 
ccEca. 

1. FuAur, vultures. 

2. Falco, falcon, eagle, hawk, kite. 
.3. Strix, owl. 

4. Lcatius, shrike or butcher-bird. 

II. Levikostres. Light-billed birds, having a large 
hollow bill. 

1, Psittacus, parrot kind. 

2. Ramphastos, toucan. 

liuceros, rhinoceros bird. 
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7. CerthiOf creeper. 

8. TrachiluSf humming birds, &c. &€. 

IV. CoRACES. The birds of this order have short 
feet with a strong bill, convex on the upper part, 
aud of moderate size. 

1. Buphagar, ox-pecker. 

2. Crotophaga, razor-billed blackbird. 

3. Carvus, crow, raven, jackdaw, magpie, 

jay, &c. 

4. CoractMy roller. 

5. Graculay minor grakle. 

6. Paradisea, birds of paradise. 

7. CuciduSy cuckoo. 

8. Oriolus, oriole. 

y. Passeres. Small singing birds, with short and 
slender feet, and conical sharp-pointed bills of 
various size and form. 

1. Alauda^ lark. 

2. Sturnus, starling. 

3. TurduSj thrush, blackbird. 

4. AmpeliSy chatterer. 

5. Loxia^ cross-billed tribe. 

6. EmherizOj bunting. 

7. Fringilla, finches, canary-bird, linnet, 

sparrow. 

8. Musicapa^ fly-catcher. 
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9. Motacilla, Dightiag:a)e, mdbreast, wren. 

10. Pipra, raanakin. 

11. J'artM, titmouse. 

12. Hirundo, swallow, martins, &c. 

13. Caprimuigvs, goatsucker, &c. 

VI. Galling. Gallinaceous birds, mostly domesti- 
cated, have short legs with a convex bill, which 
is covered with a fleshy membrane at its base, 
and of which the upper half overlaps the lower 
on each side. They possess a lai^ crop. 

1. Columba, (Hgeons. 

2. Tetrao, grouse, quail, partridge. 

3. Nvmida, guieea-fowl. 

4. Phasianus, cock pheasant 

5. Crax, curesso. 

6. Meleagris, tarkey. 

7. Paajo, peacock. 

8. Otis, bustard. 
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(B) Aquatic Birds. 

Order I. Grall^. These birds have cylindrical 
bills of various lengths ; long stilt-like legs ; 
long neck, and short tail. They mostly live in 
marshes, and feed on amphibia. 

1. PhanicopteruSf flamingo. 

2. Platalipa, spoonbill. 

3. Palamedea, horned screamer. 

4. Ardea, crane, stork^ heron, bittern. 

5. Tantalus, ibis, &c. 

6. ScolopaXy woodcock, snipe^ curlew. 

7. Tringa, lapwing, rufis and reeves. 

8. CkaradriuSj plover. 

9. HamatopuSy sea^ie. 

10 Fulicaj water-hen, coot. 

11. Parray spur-winged water4ien. 

12. Rallus, rail. 

13. P Sophia, trumpeter. 

II. Anseres. Swimming birds ; web-footed ; the 
upper mandible mostly ends in a little hook, 
and, together with the lower, is in most instances 
plentifully supplied with nerves. 

1. Rhincops, sea-crow. 

2. Sterna^ noddy, silver bird. 

3. Cdymbus, diver. 
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4. Lotus, gull. 

5. Plotus, darter. 

6. Photon, tropic bird. 

7. Procellaria, petrel. 
B. Diomedea, albatross. 
9. Peiecanus, pelican, cormoralDt. 

10. Anas, swao, duck, goose. 

11. il/er^us, goosander. 

12. Alca, auk, puffin. 

13. Aptenodytes, peDguin. 

The two classes of cold-blooded vertebral c 
are the 

AMPHIBIA AND FISHES. 

The animals of the former class differ from one 
another in many very essential particulars, and bave 
not so many characters in common as the other 
classes. Some of the reptiles walk, some fly, some 
swim, many can only creep. The organs of the 




INTRODUCTION. XXIX 

ric glands, nor omentum. The spleen is in the centre 
of the mesentery. The female has always two ova- 
ria and two oviducts. There is a bladder. 

The class of reptiles, in the arrangement of Cuvier, 
corresponds to the orders of reptiles pedati, and ser- 
pentes apodes, belonging to the class of amphibia 
in The Sy sterna Natune of Linn8eus. 

Order I. Reptilia^ having four feet, {quadrupeda 
avipard) the toes of which are, according to 
their mode of life, either separate, (pedes digitor 
tt) connected by membranes, {palmati) or con- 
founded with one another in the form of a fin 
(pinnaii). 

1. Testudo, tortoise, turtle. 

2. Ranuy frog, toad. 

3. Dracoy dragon. 

4. Lacerta^ lizards, crocodiles, chameleon, 

newt, salamander, iguana, &c. 

II. Serpentia. No external organs of motion ; body 
of an elongated form, covered with scales, 
plates, or rings. Their slender, and for the 
most part cloven tongue serves them for tast- 
ing. Many are provided with an active ve- 
nom, contained in little bags on the front of the 
upper jaw, secreted by particular glands, and 
conveyed into the wound made in biting by 



X3tX INTRODUCTION! 

means of isolated teeth, which are tubular, with 
a loDgitudioal opeoiog at the top. They are 
oviparous, but the egg is sometimes batched in 
tbeoTiduct. Both jaws moveable. 

1. CrotaiuSf rattle-snake. 

2. Boa. Immense serpeots of India and 

Africa. 

3. Coluber, viper. 

4. Atiguis, blind-worm. 

5. AmpkisbtEna. 

6. CacUia. 

Fishes respire by ravaro of oi|^os in the shape of 
combs, placed at the two sides of the nede,' between 
which the; force water to pass. . Tbe^'have, conse- 
quently, neither trachea, larynx, noc voice. The 
body is formed for swimming. Besides the four 
fins, which correspond to the limbs, they have ver- 
tical ones upon 4he back, under the tail, and at its 
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The animals destitute of vertebne have less in 
common, and form a less regular series than the ver- 
tebrated animals. But, when they have hard parts, 
these are generally placed <m the outside of the 
body, at least when articulated; and the nervous 
system has not its middle part inclosed within a ca- 
nal of bone, but loosely situated in the same cavity 
with the other viscera. 

The brain is the only part of the nervous system 
which is placed above the alimentary canal. It 
sends out two branches, which encircle the cesopha- 
gus like a necklace, and which afterwards unite and 
form the common fasciculus of. the nerves. 

None of the animals without vertebre respire by 
cellular lungs, and none of them have a voice. 
Their jaws are placed in all kinds of directions^ and 
many of them have only oi^ns of suction. None 
of them have kidneys, or secrete urine. Those 
among them which have articulated members have 
always six at least , , 

(A) Cartilaginous Fishes. 

Order L Chondropterygii ; have no branchial 
operculum, and, in most, the mouth is placed 
on the under side of the head. 

1. PetromyzaUf lamprey. 

2. GastrobranchuSf hag-fish. 

3. JSoia, ray, skate, torpedo, stingray. 
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4. Squaius, shark, saw-fisb. 
&. Lophims, sea-devil, fW^-fisb. 

6. BalisUa, fil&fish. 

7. Ckiamruy sea-ape. 

U. Branchiostegi. with opefcula to the gills. 

1. AedptMser, sturgeon, bdaga. 

2. Ostraciomy truuk-fish. 

3. TefrmfM^ globe-fish. 

4. Diodom^ porcapbe£sh. 

5. QrWopfcrms, lnmpsaf:ker. 

6. Ctmtriaems^ snipe-fish. 

7. Syngnaiha, fupe-fisb. 

8. Ptgimu, sea-dragOD. 

(B) Bony Fishes, divided according to the sitaa- 
tioD of their fins. 

Order I. Apodbs, without Teotral fins. 
1. Jfitnnia, eel-kind. 
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IL JuouLAR£8. Ventral fins in front of the thoracic. 

1. Cailionymus^ dragonet. 

2. UranoscopuSy star-gazer. 

3. Trachinus^ sting-fish. 

4. Gadus, haddock, cod^ whiting, ling. 

5. BlemUus, eel-pont. 

III. Thoracici. Ventral fins directly under the 
thoracic. 

1. Cepola^ ribbon-fish. 

2. JScheneiSf sucking fish. 

3. CorypJuenUy dorado. 

4. Gohius, gudgeon. 

5. Cottus^ pogge. 

6. Scorpana. 

7. Zeus, dory. 

S. Pleuronecles, flouader, plaice, dab, hali- 
but, sole, turbot. 
9. Ch€Btod(M. 

10. SparuSy gilthead, sea-bream. 

11. Labrtis^ rainbow-fish. 

12. Sci^fUB. 

13. Perca, perch. 

14. Gcislerasteus^ stickleback. 

15. Scomber^ mackerel, bonito, tunny. 

16. Mullus, mullet. 

17. Trigla^ flying-fish. 
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IV. Abdohinales. Ventral 6ds behind the tho- 
racic ; chiefly iobabit fresh water. 
J . Cobitis, loach. 

2. Silurus. 

3. Loncaria, bamess-Bsb. 

4. Salmo, saloiOD, trout, smelt 

5. Fistularia. 

6. Esox, pike. 

7. Polyptervs. 

8. Elops. 

9. Argentina. 

10. Aiherina. 

11. ilft^7. 

12. Exoccetus. 

13. Po/^n«mu5. 

14. Clupea, herring, sprat, shad. 

15. Cyprinus, carp, teocb, gold-fiflh, miaDow, 

&c. &c. 
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sably necessary. The insects of Linnjeus are di- 
vided into Crustacea and insecta ; and the vermes of 
the same author form three classes, viz. molluscaf 
vermeSj and zoophyta. 

The Insects form the third class. 

In their perfect state they have, like the Crus- 
tacea, articulated limbs and antennae. Most of them 
have also membranous wings, which enable them to 
fly. All these last pass through several metamor- 
phoses, in one of which they are quite destitute of 
the power of motion. All of them have a nervous 
system similar to that of the Crustacea ; but insects 
have neither heart nor blood-vessels, and respire by 
tracheae. Not only the liver, but all the secreting 
organs are wanting, and their place is supplied by 
long vessels, which float loosely in the abdomen. 
The form of the intestinal canal is often very differ- 
ent in the same individual, in its three different 
states.* 

The animals which resemble the larvae of insects, 
and have, like them, the medullary cord knotted, 
may be placed in the same class with insects, though 
they undergo no metamorphosis ; but there are some 
of that number which have distinct sanguiferous 



« 



The class of Insects corresponds to the same class in the Systema 
Natarse, with the exception of the two genera separated from it, in 
order to form the class of Crustacea. 

d 2 
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vessels, and which mast be arranged in a separate 
class, intermediate between the aioHuscft, cnustaCea, 
and insects. To this class beloQ^ AtrlA-Mwmu and 
leeches. 

Order]. Colkoptera. Having a hollow horny cas^ 
under which the wings are folded. 

1. Scarahteut, beetles, 

3. ZfKcaiiiu, stag-beetle 
8. Derwusits, 

4. Ptmus. 
8. Hishir. 

6. Gyrimu. 

7. Byrrkms, 

8. Silpha, carrion beetle. 
0. Cossida, tortoise beetle. 

10. CoccMwOo, ladjlnrd. 

11. Chrytomda. 

12. Hispa. 
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22. Cicindela. 

23. UuprtHis. 

24. Ihfticus^ water4>eetle. 

25. Carahus. 

26. Tenebrio^ meal-worm beetle. 

27. Meloty Spanish fly. 

28. Mordella. 

29. Staphjflinus. 

30. Forficuki^ earwig. 

II. Hehiptera. Four wiugs, either stretched 
straight out, or resting across each other. 
Some are provided with jaws^ others with a 
proboscis, bent towards the abdomen. 

1. Blatta^ cockroach. 

2. Mantis. 

3. Gryllus^ locust, grasshopper. 

4. Fulgora, lantern-fly. 

5. Cicada. 

6. Notonecta. 

7. Nepa^ water scorpion. 

8. CimeXy bug. 

9. AphiSy plant louse. 

10. Chermes. 

11. Coccus. 

12. Thrips. 
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III. Lepidoptera. Soft bairy body, and four ex- 
panded wings, covered with coloared scales. 

1. Papilio, butterfly. 

2. Spkmx, hawk moth. 

3. Piaitena, niotb. 

IV. Nburoptera. Four reticulated wings, glitter- 
ing with colours of every kind. 

1. Liibellula, dragon-fly. 

2. Ephemera, day-fly. 

3. Pkryganea, water-moth. " 

4. Hemerobius. 

5. Mt/rmeleon, ant-lion. 

V. HvHENOPTERA. Generally possessing a sting, 
and having four membranous wings. 

I. Cynips. 




IMTROmJCTION. XXXIX 

YI. DiPTERA. Two-winged insects, having two small 
balances placed on the thorax behind the wings, 
and generally covered with a little scale. 

1. (Estrus, gad-fly. 

2. Tipulay crane fly. 

3. Musca, common fly. 

4. Tabanus, gnat. 

&. CuleXf gnat, mosquito. 

6. Empis. 

7. Conops. 

8. AsiluSy hornet fly. 

9. Hippohosca^ horse-leech. 

VII. Aptera. No wings. 

1. Lepisma^ sugar-mite. 

2. Produra, springtail. 

3. Pediculus^ louse. 

4. PuleXf flea. 

5. AcaruSf tick, mite. 

6. Hjfdrachna. 

7. Phalangium, shepherd. 

8. Aranea^ spider. 

9. Scorpio^ scorpion. 

10. Cancer^ crab. 

11. MonoculuSf horse-shoe fisch. 

12. Oniscus. 

13. Scolopendra. 

14. Julus\ centipede. 
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The Vermes may be divided into two orders ; the 
intestinal, which iohabit the bodies of other animftls ; 
and the external. 

The former are oot of such a complicated organi- 
zation as the latter ; so that they ai:e sometimes ar- 
ranged among the zoophytes. Tbe external worms 
have a nervous chord possessing ganglia, an elon- 
gated body composed of rings ; and having no dis- 
tinct bead. There are no members. Circqlating ves- 
sels, but no heart. No nerves have been discovered 
in the intestinal worms. 

The class o( worms comprehends some of the ge- 
nera arranged by Linn£US among the vermes intes- 
tina, such as the lumhricus, gordius, thntdo; some 
of the genera placed by the same naturalist among 
iXievermes moUusea, such as the aphrodita^ nereis, te- 
rebella, and lastly some genera included in his order 
of vermes iestacea, such as the serpula denttdiutn. 



Order I. Intestina. 
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9. Sipunculus. 
10. HirudOy leecb. 

The class of mollusca comprehends the greater 
part of the auiroals which Linnjbus has arranged in 
the two orders of mollusca and teslaced^ in the class 
of vermes; such as the sepia, Umax^ asddia, helix^ o$- 
trea, patella^ pholas, teredo^ &c. 

The body of the mollusca is fleshy, soft, and with- 
out articulated members, though sometimes contain- 
ing hard parts iuternally, and sometimes covered 
completely by hard shells. They have arterial and 
venous vessels, within which the blood undergoes a 
true circulation. 

They respire by branchiae. The brain is a distinct 
mass, from which the nerves and medulla oblongata 
proceed. There are ganglia in different parts of the 
body. 

The internal senses vary as to their number. 
Some of the mollusca have the organs of sight and 
hearing quite distinct^ while others seem to be con- 
fined to the senses of touch and taste. Many of 
them can masticate their food ; others have the power 
of swallowing only. 

They have a very large liver, which affords a great 
quantity of bile. The organs of generation vary ex- 
tremely. 
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II. MOLLUSCA. 

1. L-imax, slug. 

2. Aplasia. 

3. Doris. 

4. Glaucus. 

b. Aphrodita, sea-raoose. 

6. Amphitrite. 

7. Nereis, 

8. Nais. 



10. Aelima, 

11. Teth^s. 

12. Holotkuria. 

13. TAo/ia. 
U, TerebeUa. 

15. Lemaa. 

16. ScglUea. 
J 7. C/io. 

18. iSepta. cuttle^sh. 
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6. Tellina. 

7. Cardium^ cockle. 

8. Mactra. 

9. Danax. 

10. Venus. 

11. Spandjflus. 

12. Chama. 

13. Arca^ ark. 

14. Ostrea, oyster. 

15. Anomia. 

16. Mytilus, muscle. 

17. Pinna^ sea-wing. 

18. Argofiaula, paper-sailor. 

19. Nautilus. 

20. Conus. 

21. Cypnea. 

22. Bulla, dipper. 

23. Volutay rhomb-shell. 

24. Buccinumy whelk. 

25. StromhuSy screw. 

26. Murex, rock-shell. 

27. Trochus^ top-shell. 

28. Turho, whirl-wreatb. 

29. Helix y snail. 

30. Merita. 

31. Haliotis, sea-ear. 

32. Patella, limpet. 

33. Dentalium, tooth-shell. 
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1. Tubipora. 

2. Madrepora. 

3. Millepara. 

4. CeUepora. 

5. Isis. 

6. Gorgonia. 

7. Alcyonium^ animal hydra. 

8. Spongia. 

9. Flustra. 

10. jTiidiiJaria. 

11. Corallina. 

12. Sertularia. 

13. Cellularia. 

VI. ZOOPHYTA. 

The class of Zeaphyte$ correspond to the ^Z!mk 
phjfta and lythopyta of Linn^us, but also include 
some of the vermes moUusca^ such as the echinus, 
asterias, hohthuria^ actinia^ medusa^ together with 
the genus sipunculus from the vermes intestine. 

1. Pennatula. 

2. Hydra. 

3. BrachianuSy blossom- polype. 

4. Vorticella. 

5. Furcularia^ virheel-animal. 
e. Fiftrto. 

7. Volvox. 

8. CAoo^. 



Xln INTRODUCTION. 

Outline of Cuvier's Classificatioti of Animals; with 
Examples of Species belonging to each IHvisioH. 

I. VERTEBRATA. 
1. UAHMALIA. 

JSimana, man. 

Quadntmana, monkey, ape, lemur. 

Cheiroptera, bat, colugo. 

Insectivora, hedgehog, shrew, mole. 

Plantigrada, bear, badger, glutton. 

Digitigrada, dog, lion, cat, martin, weasel, otter. 

Amphibia, seal, walrus. 

MarsupiaUa, opossum, kangaroo. 

RodetUia, beaver, rat, squirrel, porcupine, horse. 

Edentata, sloth, armadillo, ant-eater, pangolin. 

Pachydermata, elephant, hog, rhinoceros, tapir, 

horse. 
Rvminantia, camel, musk, deer, giraffe, antelope, 
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3. REPTILIA. 

CheUmiaj tortoise, turtle. 

Sauria^ crocodile, lizard, charaelion. 

Ophidia, serpents^ boa, viper. 

JBatrachittj frog, salamander, proteus, siren. 

4. PISCES. 

Chondropterygiij lamprey^ sharks ray, sturgeon. 
Plectognathiy sun-fish, trank-fisb. 
Lophohranchi, pipe-fisb, pegasus. 
MaJaeoplerygiif salmon, berring, pike, carp, silurus, 

cod, sole, remora, eel. 
Acanthapterygii, percb, mackerel, sword-fisb. 

■ 

II. MOLLUSCA. 

Cephalopoda^ sepia, nautilus. 
Pteropoda, clio, byala^a. 
Gasteropoda^ slug, snail, limpet. 
AcepAala, oyster, muscle, ascidia, pyrosoma. 
Brachiopoda, lingula, terebratula. 
Cirrhopoda^ barnacle. 

III. ARTICULATA. 

1. ANNELIDES, Or VERMES. 

TubicoliBf serpula, sabella. 
Dorsibranchia, nereis, aphrodite. 
ttf, eartb-worm, leech. 
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2. CRUSTACEA. 

Decapoda, crab, lobster, prawn. 
Stomapoda, squill. 
Amphipoda, gammarus. 
Isopoda, asellas. 
Sranchiopoda, nioDOCulus. 

3. ASACUNIDA. 

PuhaonaUa, spider, scorpion. 
Trachecdia^ phalaogiani, mitei 



Aptera, centipede, podara. 
Cohopiera, beetle, glow-woro). 
OrtAoptera, grasshopper, locust. 
Hemiptera, (ire-fly, aphis. 
Neuroptera, dragon-fly, epbei 
Hymenoptera, bee, wasp, ant. 
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CHAPTER I. 

OK THE BONES OF AKIMAL8 IN GENERAl* 

§ L Red-blooded animals only possess a true skeleton ;* to 
which their bones are connected, and on which the general 
fonn^i' as well as the greater or less flexibiUty of the body de^ 
pends. There are a few eiLceptions to the general rule, that all 
the bones of an animal enter into the formation of its sieletont 
viz. the bone of the tongue, commonly called os hyoides; the 
bone of the penis in several mammalia ; the bony ring in the 
sclerotica of birds ; the clavicular hones of some mammalia ; 
to which instances may be added the whole anterior extre- 
mity in such mammalia as possess no clavicles ; and the abdo- 
minal fins of fishes, which correspond to the posterior extremi- 
ties of other animals. 

^ 2. The ordinary whitej colour of the bones has several 
gradations, which are sometimes observable in the different 
parts of the same bone ; as in the grinding teeth of the ele- 



* Farts of a really bony structure are found in a few insects and worms, viz. in 
the stomach of the lobster, and other species of the genus cancer ; in the mouth of 
the sea-hedgehog (eehimt), &c. These parts at least resemble true bones more 
than that body, which is commonly called cuttUfiA bone^ 

t See Galen's remarks on the resemblance between the ape and the human sub- 
ject, in the 1st book of his Chef'd*cguvre de Anatomicis Administrationilmt, tom. iv. 
p. 26, Chartier's edition. 

t The red tint, which the bones of animals receive in consequence of madder 
bong mixed with the food, is observed by Ant. Misaud, in his Ccntvria Menura-^ 
Waim »eu Areafwntm omitu gm§m, p. 161. Cologne, 1572, 12mo. It is remark- 
able that this well known experiment meeU vnth very imperftct racceii in cold- 
blooded animals. 



ox THB BONES OP AKIUALS I 



aCMBBAU 



plumt ; a section of wliidi, or of tfie tootli of any other 
h abi io iuii s ■nttnni, as the hone, ox, &c. shews that its sub- 
stance contains parts differing considerably in appearance. 
Besides the processes of enantel, which are intermingled 
duooghout with the bone, there are two kinds of osseous 
strocture of di^rent cotonrs. In some few genera the whtde 
bony structure is of a different colour ;* thus, in the garfuke, 
{etos beUme) the bones are green ; and in some varieties of 
the common fowl they approach to a black colour. "t 

^ 3. The structure of the bones b subject to still greater 
variations ; which occur in the different bones of the same 
skeleton, as well as in the whole skeleton of particmlar dasset 
and orders. Instances may be observed in the dry and brit^ 
tie texture of the air bones <^ birds ; in the long fibres which 
appear on splitting the bmiea of the larger amphilna and 
fishes ; in the peculiar tenacity and solidity of individual parts 
in some cartilaginous fishes. 



Owfication does not go on with equal rapidity in all 
in all (be bones of the tanw animaL Thus, tlie osaificsdoD 
internal ear of idbd, utd other mammalia, is completed 
other parts ; and the bone formed at this early period 
others in density, and in die proportional quantity of , 
lime which it contains. In the cetacea, pardcnlarfy die 
pf^seier, (the black and while whales) this partacqoiresa 
hardness equal to those of marble. Its section presents a ! 
oua appearance, witboat the least vestige of fibres, odlnhr 
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thit cireainBtaiioe» have been denominated cartilaginous, or chon" 
dnpiefygii. Although the bones of other fishes, of reptiles, and 
seipentSy acquire a greater hardness, they constantly remain more 
fleaoble, and retain a larger proportion of gelatine in their structure, 
than those of warm-blooded animals. 

The b<my texture of quadrupeds is not so fine and delicate as that 
of man : it is particularly loose and coarse in the cetacea, where the 
distinction of the fibres is very manifest, even on the external sur- 
fi^e. In the jaw and the ribs particularly, the fibres may be 
loosened by maceration, and become very obvious. 

The bones of birds consist of a thin, firm, elastic substance, formed 
of layera wxKurently fastened on each other. They are almost uni- 
versally hollow ; but their cavities, which never contain marrow, are 
filled with air. Thia organiiation unites the advantages of lightness 
and strength. 

The bones of reptiles and fishes have a very homogeneous appear* 
aoce, the earthy matter and the gelatine appearing to be uniformly 
mingled : this is more strikingly marked, as we approach to the car- 
tila^nous fishes, where the gelatine predominates, and conceals the 
earUi. 

Several animals have no medullary cavities even in their long 
bones. This is the case with the cetacea, the seal, and tttriU. 

The horn of the stag is a real bone, as appears both from its tex« 
tme, and its component elements. Its outer part is hard, compact, 
and filnroiit ; the internal substance is reticulated, but very nrm ; 
and posscssca neither cavities nor marrow. It is liable to precisely the 
same di^^y^ff as other bones ; thus, we sometimes find exostoses 
Ibnned upon its surface by the extravasation of its calcareous mat- 
ter, while in other instances, from a deficiency of this component 
part, it is rendered light and porous. 

The sheUs of the testaceous animals are formed of a calcareous 
aubatance, which is sometimes laminated; sometimes as hard and 
dense as marble. This substance is mingled, as in other bones, with 
a gelatinous matter, from which it may be separated by means of 
acids. The earth is not disposed in fibres, or laminse, as in other 
bones ; but is uniformly expanded through the animal substance. 

The layers of the shell are formed successively, as the animal in- 
creases in siie. The exterior or smallest are formed first : others 
are successively deposited on the inner surface of these ; each new 
li^er extending beyond the margin of the former one, so that the 
dieD, by every addition, increases in thickness and circumference. 
Are dM»e new layers formed by vessels existing in the shell itself, or 
are they produced by exudation from the surface of the animal 1 
Reaumur broke the shell of snails, and found that no reproduction 
look place, when he covered the exposed part of the animal's body ; 
while the injury was quickly repaired, when no artificial obstacle im- 
peded the effiision of fluids n^om the surface. This experiment 
to prove that Ae AeU is formed by deposition firom the body 
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of the animal ; but there is an argument equally strong in favour of 
the existence of vessels in the shell itself. Between the two hut 
formed layers of the convex shell of the oyster, a considerable cavi^ 
is found, filled with a fetid and bitter fluid, and communicating by s 
psiticular opening with the internal parts of the body. — This must 
be destroyed and reproduced whenever a new lamina is added ; and 
we cannot understand how such processes can be eSected without ar- 
terial and absorbing vessels. 

Cnutaceout aninaU (crah, lobster, &c.) have a skeleton which sur- 
rounds and contains their soft puts, and which serves at the same 
time the purposes of a skin. When it baa attained its perfect con- 
sistence. It grows no more; but as the soft parts still increase, the 
■hell separates, and is detached, being succeeded by a larger one. 
This new covering is partly formed beiTore the other separates ; it is 
at first soft, sensible, and vascular ; but it speedily acquires a hard 
consistence by the increased deposition of calcareous matter. 

Some of the moUutca have hard parts in the interior of their body. 
The common cuttlefish (j<7>)a t^inafu) has a white, firm, and calca- 
nous mass, of an oval foim, and slightly convex on its two surfaces, 
comnwnly known by the name of the cuttl^k-bone, contained in the 
■ubstance of its body. It has no connexion with any soft part, 
whence it appears completely as a foreign body : no vessel or nerve 
xrceived to enter it ; nor does it recrive the attachment of 



any 



be perc 

tendon. In the calnur {Mcpia loiigo) this body resembles bom 
in its appearance; it is transparent, hard, and brittle. Its form re- 
■embles that of a leaf, except that it is larger ; and sometimes that of 
a swofd-blade. This structure must grow like shells, by the simple 
addition of succesuve layers. 

I 4. Excepting the crown of the teeth, bones are univei^ 
sally covered with periosteum ; and for ibe most part they 
contain marrow* internally ; wluch varies much in consutence, 
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lion is not perceptible before the beginning of the ninth day ; 
which corresponds with the seventeenth week of human preg- 
nancy. In the human embryo the first points of ossification 
may be discerned in the seventh or eighth week after concep- 
tioiiy certainly not in the third or fourth week, as some anato- 
mists have supposed. These facts shew how little confidence 
can.be placed in that remark of Haller's, which concludes his 
otherwise masterly observations on the formation of the bones 
in the incubated chick: Q«r^ de pullorum ossibus demon* 
siravimuM, ea etiam de aliis animantium clasMus vera eruni, 
ei de ip$o demum hamine: " What I have proved as to the 
bones of the chick, will hold good with respect to those of 
other classes of animals^ and of man." Of the mammalia, it is 
to be observed, that many points in the formation of the 
bones are completed sooner in quadrupeds than in man. An 
example occurs in the closure of the fontanelles. I have found 
these openings of considerable size in young foetuses of the 
/ene and pecara, but could hardly discern any trace of them 
at the time of birth ; nothing at least which could be com- 
pared to their magnitude in a human foetus of nine months. 
When we compare the pelvis, and the whole mechanism of 
parturition in the woman, with those of the female quadruped, 
the cause of this difference appears. We then discover why 
the yielding and overlapping of the large bones of the cranium, 
which is chiefly effected by the fontanelles, is only required to 
facilitate the birth of the human foetus. 

Professor Florman, of Sund, however, denies altogether 
the appearance of the fontanelles in the skulls of young ani- 
mals, according to Weber s and Mohr's Natur-histor. Reise 
dwrck einen Theil Schwedens, p. 35. But I have found them 
in many of the digitata, as for instance in the new bom lepus,^ 
of very considerable size. 

Ab chemical analysis has discovered some interesting differences 
in the constituent ingredients of the hard parts of various animals, 
it seems right to give a short account of them in the present place. 

The bones and teeth of red-blooded animals consist chiefly of 
phosphate of iime, deposited in the interstices of an animal sub- 
stance ; which, when freed from the earthy matter by the immersion 
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of dte boae m an and, approacbM in its coiwistCTKe to cartilage. 
Tbii b completely dissolved by boiling in a close veaael, and ii 
diovby proved to consist of gelatine. A small quantity of carbonate 
of lime is mixed with the phosphate; and hence efierreacencc arises 
when a bone or (ooth is subjected to the action of acids. 

The bom of the stag is bone, containing a large proportion of ge- 
latine. 

The bones of Gshes contain phosphate of lime ; but the animal 
Bobsiance exists in very large proportion, particularly in those whicb 
are called cartilaginous, where it completdy obacures the earthy 
matter. 

Carbonate and phosphate of lime, deposited on a cartilaginona 
basis, which retains the ftnrm of the part, after the earthy matter has 
been separated, constitute the external covering of the crustaceoui 
animals, (crab, lobster, &c.). Tbe carbonate ia m greatest quantity. 

Carbonate of lime, with a small qoantiQr of phosphate, forms the 
earthy principle of the shell of the echinus. 

The shells of the testacea are entirely composed of carbonate of 
lime, imited to a gelatinous substance. When immersed in acid, a 
rapid eServescetKe ensues. Some of them, which are very hard in 
their texture, and have an enamelled sur&ce, contain so little animal 
matter, that they are completely dissolved by acids, like the enamd 
of the teeth. But others, which consist of what is called mother of 
pearl, and are formed by successive strata, (e. g. the oyster, mnscle, 
&c.) contain a much larger proportion. When these avte been ma- 
cerated in acid, a gelatinous substance remains, consisting of sevend 
layers of membrane, arranged stratum super stratum. 

It appears therefore, that pkotphale <tf lime is the peculiar earth of 
bone, and carbonate that o^Ml ,- although no bone has been hitherto 
discovered without a small admixture of the latter ingredimt. 
Hence, that singular production from the body of the cuttle-fish is 
improperly calW bone ; as it consists, like abdls, of various mem- 
branes, hanlencd by carbonate of Ihnp, wiihout any phospliaie. See 




CHAPTER II. 

ON THE SKELETON OF MAMMALIA. 

S 6. The form of the different mammalia, particularly the 
Ibur-footed ones,* yari^s considerably ; and their skeletons 
most be marked by corresponding differences. Yet these va* 
lieties may be included, at least for the greatest ^art, under 
the foUowinig peculiarities; which serve to distinguish their 
skeletons fiom those of burds. 

The skeletons of mammalia Those of birds are distin- 
possess ; guished by ; 

1. A skull with genuine su- I. A skull which has not 
tures (at least with very few real sutures.j; 
exceptions; as perhaps the 
elepiani, and the duck-billed 
aninud^i- ormthorhynchus). 

3. Jaws furnished with S. A bill without teeth. 
teeth; except the ant-eaters, 
the nuimiSf the duck-billed ani- 
mal,^ the bakena (whale). 

* Compare this diapter with Goethe's ingenious osteological view of the four- 
footed animals, in the Ist vol. of his Morphologie, p. 165 ; and the instructive plates 
of the skeletons of quadrupeds, of which I have given a sketch in my work on the 
bones, to which may be also added what has most recently appeared on this subject in 
Cuvier^s Ouemmu Fomlei, and the Treatise of Dr. Pander and Professor D'Alton. 

t This is the case, at least, with my specimen : the cranium, destitute of sutures, 
strikingly resembles that of a bird in this respect. 

t This b meant to apply to adult birds ; for young individuals have at least sepa* 
rate cranial bones, if they are not connected by real denticulated sutures. The bones 
of the head in birds are joined either by the squamous kind of suture ; or by the 
mere apposition of their margins, which species of union is termed hamumia ; but 
they are soon consolidated into a single piece. 

i The dtt(;^-billed animal has, however, according to Cuvier, two teeth situated 
at the bottom of the mouth, without roots, with flat crowns, and composed like those 
of the oricteropus, of small vertical tubes. 
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§ 8. The wdQ known division of the bones of the head into 
those of the cranium and of the face^ is convenient for point- 
ing out the remarkable proportions of relative magnitude in 
the two divisions.* Compare, for instance, the skull of the 
iaagaroo {d&deJphis gigantea) with that of the opossum, {did* 
nuirsupiaUs) or the skull of the dolphin {delphinus delptds) 
with that of the white whale {physeter macrocephalus). 

§ 9. The number of proper bones of the cranium is, on the 
whole, the same as in the human subject. The os firontis, 
however, in most of the horned animals, is composed of two 
equal portions ; in many of these the two parietal bones are 
consolidated into one, and in others they are united to the oc- 
ciput. Some of the digitata have a peculiar flat bone situated 
transversely between the parietal and occipital bones, t 

§ 10. As the forehead of man is pecuUarly distinguished 
by tiie beauty of its convex superficies, so is that of many of 
the quadrumana, as the larger animals of the monkey tribe, 
papio mormon, &c. by the large flat triangular surface into 
which it is compressed, and the sides of which converge from 
the processus malares at the external angles of the orbits, ob- 
liquely backwards, towards the crista ocdpiialis.X 



appiUamu$: " iht last and most conspicuous and moveable of all the vertebna, 
ift dial called the calvaria, or skulUcap." These views are ftirther developed by Oken 
in his treatiae Ubtr dU Bedmtung der SchadeOcnoehen, Jena, 1807 ; and Ulrich D« 
Stmm «c Sgnijieatione Otrium Cajntit, ipeciatim de CapiU Tettudinit. Berlin, 1816. 

* A profile view answers as well for this purpose as a view taken vertically. I 
have explained the use of the latter, (which I call norma verticalit) in comparing the 
natioiia] forms of human crania, in the 3rd edition of my work, De Generit humani 
VmrietaU Nativa, p. 203, and in the 4th, Decas. Crani. divers, Gent. p. 13. See 
abo WoH, H. CruU, de Cranio, efutque ad Faeiem ratione, Gronig. 1810, Spiz ; and 
Mr. Lawrence's excellent Lecture* on Physiologyt Lond. 1819. 

t See Mcrrem's anatomy of the domestic mouse, in his Mueellaneou* Ohservationt 
en Natunil Hieteryt and Meyer's Prodromus Anat. Murium, who calls it o$ traneoer' 
mm : particularly Gotthelf Fischer's treatise De One Epactali, $eu Gathiano Pahm* 
gradorym, Moequa, 1811. Some excellent observations on the developement of this 
bone, and on that of the oi ocdpitU in many of the mammalia are to be found in 
Meckel's Handbueh der Pathologiache Anatomie, vol. i. p. 326. 

t In the horrid-looking skull, which I possess in my collection, of a person 
thirty years of age, and idiotic from birth, and which I have described in the 
Comrnentatie de AnomeMt et vtHufii quUnitdam Nieue Formativi Abemtiombus, Gott 
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Tbe spbaioid bone is often divided into two parts in Ac ?>Md- 
noBONB ; one of these forms the lesser sis, and snterior cuooid 
processes ; the greater alx, the posterior clinoid processes, and ba- 
silar fossa, are formed by the other portion. 

The two parietal bones form a single piece in the bat-kbtd. The 
naae drcomstance occurs in the carnivora, in the pig, /qptr, hippofO' 
t amt u, and Aor«e. 

The frontal and parietal bones of the eUpkatU become consoli- 
d^ed, at an early period, with all the other parts of the cranium ; 
so as to form a bony caTity, in which no trace of Eutnres can be dis- 
cerned. The parietal, occipital, and temporal bones are likewise 
jmned at an early period into one piece in the cetacea. 

Tit pig, hippopotamat, tapir, horse, teal, walrus, and the rodaitia, 
hmre tlte os finontis divided by a middle suture into two portions. 

Tbat portion of the os temporis, which contains the tympanum, is 
■eparated from the rest of die bone by a suture, which is seldom 
completely united in the dof;, cat, and chet. The cavity of the 
tympanum is also separated in the rodentia, and the os frontis n- 
mains divided into two portions. In the cetacea the parietal bonof 
are joined at a very early period to the occipital and temporal, so 
that the five bones form only one. Tbe bone of the ear is alwan 
separated, and is merely attached to the cranium by soft parts. In 
the ekpkoKt this bone is also distinct and separated from toe tempo* 
ral. 

Tbe cranium of tbe mammalia possesses the same fossce st its basis, 
as are found in the human subject : they are however mudi shal- 
lower ; and the eminence* which define them are much less strongly 
marked than in man. This difference is very perceptible even in 
the iMiue, where the cavities which hold tbe cerebellum are nearly on 
a le*d with the middle foss» of the basis cranii ; and the sella 
turcica is more superficial. The same fact i* more strongly 
marked as we arrive at those animals, whose Keneral structure de- 
viates more considerably from ihat of mnn. Those mammalia, which 
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don of die tenmond bone, and the body of the sphenoid. This 
latter opening does not exist in the gmut «tmta, nor in the carat- 
vonmt mammalia f nor in the rwnmantia. It is on the contrary very 
laive in the elephant, and in some rodentia. 

The carotid canal does not exist in the rodentia ; but the artery 
enters at the opening between the sphenoid and temporal bones. 

The structure of the cranium presents a very remarkable singula- 
rity in the elephant. Its two tables are separated from each other to 
a eonsiderable extent by numerous bony processes ; between which 
are formed a vast number of cells, communicating with the throat by 
means of the eustachian tubes, and filled with air, instead of the 
bloody or medullary substance which occupies the diploe of ani* 
naU. The use of this structure in increasing the surface for attach* 
nient of those large muscles which belong to the lower jaw, pro* 
boscis, and neck ; and in augmenting the mechanical power of tnese 
muscles by removing their attachments to a greater distance from 
the centre of motion, has been very ingeniously explained by Camper, 
{CEuvres, torn. ii.). These advantages are attained by the cellular 
structure which we have just described, without augmenting the 
weight of the head, and this precaution is particularly necessary in 
the present instance, as the head is on other accounts more heavy and 
massy in this than in any other animal. The air cells of birds in ge- 
neral, and particularly those which pervade the cranium in the 
attrichf eagle^ and owlf present examples of a similar formation, at- 
tended with the same uses, viz. those of increasing the bulk and 
strength of the bone, and diminishing its weight. 

§ I L A principal variation in the form of the cranium arises 
from the size and direction of the crista occipitalis^ which 
bears a determinate proportion to the strength of the jaws. 
It is wanting in most monkeysi but is very large in the baboon 
of Borneo.* The longitudinal crista is very strongly express- 
ed in the badger ; and the transverse ridge is remarkable in 
the beaver^ and both in the opossum. Between the arched 
sides of the upper part of the cranium in the eleplutnt lies a 
broad and deep impression, with a small longitudinal cristai* at 
its bottom. 

There is a considerable difference in this respect between 
the various races of dogs : as between the pug-dog and that 
of Newfoundland. 

The crista occipitalis is a sharp, bony ridge, projecting from the 



* See G. Fitcher't "Natwhittontchi Fragmente, vol. i* tab. 3, 4. 

i See Camper Ikieript. Anatamique d^nn EUphmt male, tab. 13. fig. 6. 
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Upper and tuck part of llie craniuni in mammaliB, chiefljr for the 
attachment of the temporal muscle. 

The size of the temporal foBsa depends upon the magnitude of the 
muscle wliich it contains. Hence it is larger in the carntvora thaa 
in any other order ; not only occupying the whole side* aod upper 
part of the cranium, but being still further increaaed by prominent 
bony cruta, growing from the frontal, parietal, and occipital boiKf. 
The two temporal muscles are indeed separated in many of tbeae 
animab merely by the parietal ridge, which would completdy cover 
the cranium. 

These ridges are not so strongly marked in any animals as in the 
canmora; yet they are discernible in most of the timia. They occur 
also in animals of the rig kind, and in the other pachydtrmata ; tlw 
occipital crista is found where the others do not esuat; as it servM 
for the attachment of the muscles of the neck. 

§ IS. The situation and direction of the great occipiiatjb- 
ratBen are attended with remarkable variations in some in- 
stances. Instead of being situated far more anteriorly, and for 
the most part horizontally, as in the human subject,* (in which 
indeed the anterior margin is sometimes higher than the poste- 
rior) it is placed, in most quadrupeds, at the base of the cra- 
nium, and obliquely, with the posterior border more or leu 
turned upwards. In some, indeed, its direction is completely 
Tertical ; and in the tnarmot of the Alps its upper margin is 
tamed more forwards than the lower.-t* 



■ In the liall to whkb I have bcfon ullnded, thii opening lortlM (piaal m 
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The Vuriadoiis in the titaation of the occipital foramen are impor- 
tant, when viewed in connexion with the ordinary position of the 
ammal's body. In man, who is designed to hold his body erect, 
this opening is nearly equi- distant from the anterior and posterior 
extremities of the skidl. The head, therefore, is supported m a state 
of equilibrium on the vertebral column. The angle, formed by the 
two lines mentioned by Daubenton, is only of three degrees. 

Quadrupeds have the occipital foramen and condyles situated 
further back, in proportion as the face is elongated. That opening, 
instead of being nearly parallel to the horizon, forms a considerable 
angle with it ; which, measured according to Daubenton, is of 90 
degrees in the horse. The weight of the head in these animals is not 
thmfore sustained by the spine; but by a ligament of immense 
•trength, which is either entirely deficient, or so weak, as to have its 
existence disputed in the human subject. This Ugamentum nuchas or 
cervical ligamaU^ arises from the spines of the dorsal and cervical 
vertebrae, (which are remarkably long for that purpose,) and is fixed 
to the middle and posterior part of the occipital bone. It is of 
mat sice and strength in all quadrupeds, but most particularly in 
Uie ekphant ; where the vast weight of the head, so much increased 
by the enormous size of the tusks, sufficiently accounts for its in- 
creased magnitude. It is bony in the mole, probably on account of 
the use which the animal makes of its head, in disengaging and 
throwing up the earth. 

Animals of the genus nmia and lemur hold a middle rank between 
man, who is constantly erect, and quadrupeds, whose body is sup- 
ported by four extremities. Their structure is by no means calcu- 
lated, like that of man, for the constant maintenance of the erect 
Cure ; but they can support it with greater facility and for a 
.^er time than other animals. Hence, in the orang-outangs the 
ooapital foramen is only twice as far from the jaws as from the back 
of the bead, so diat Daubenton's angle is only 37^ It is somewhat 
burger in the other species of simia ; and measures AT in the lemur, 

§ 13. The true sutures, which connect the individual bones 
of the cranimn, are generally less intricate, at least to outward 
appearance, in quadrupeds than in man. Their indentations 
are very strong and sharp in the homed pecara, for obvious 
reasons ; and the frontal bones are thick in the same animals. 
In sheep, affected with the staggers, where the hydatid b large, 
and situated at the surface of the brain, I have found this part 
of the bone almost completely absorbed ; so that it yielded to 
pressure, and appeared like a thin cartilaginous membrane. 
The ouicula wormiana are seldom seen in the crania of ani- 
malsy yet I haye specimeiis of these in the hare, and a young 



H ox THI SKELBTO:* OP MAMMALM. 

onmg-ot^ag; the sdtnres of the hitter are renurksblj ele- 
guit. The obsenradon, therefore, which Eiutachhia make* 
(Ommon Examen, p. 173), concenung the sutures of apes, 
nuaely, that " they are alwajs so obscure, as scarcely ever 
to deserre the name of sutures," must be understood with 
some limitations. 

S 14. The general form of the cranium is most materially 
influenced by the direction, and the various degrees of promi- 
nence of the facial bones. The projection is generally formed 
hy a proknigation of the upper jaw ; partly abo, and in many 
imtBDcefl chiefly, by the ot inlermaxiliare, which is inclosed 
between the two upper jaw-bones. To determine this with 
greater preci»on, Camper instituted the/iacial Hue, the appli- 
catioD of which is most minutely explained in his posthumous 
work, " On ike Natural DiffereMcet of the Featuret," && 
Like Daubenton, he draws on the profile of the cranium two 
straight lines, iriiich intersect each other ; but in different di- 
rections firom those of the French anatooust. A borisontal 
liiM passes through the external auditory passage, and the 
bottom of the cavity of the nose ; this is intersected by a more 
perjaendicniar one, proceeding from the convexity of the fore- 
head, to the most prominent point of the upper jaw, or of the 
intermaxillary bone. The latter is the proper ^octo/ Une ; and 
the angle, which it forms with the horiiontal line, detenmnes, 
according to Camper, the diffisrences of the crania of animals. 
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as tbeie parts are more developed, the sise of the face, compared to 
that of the craniam, is augmented. On the contrary, when tne brain 
is large, the volume of the cranium is increased in proportion to that 
of the face. A large cranium and small face indicate therefore a 
large brain, with inconsiderable organs of smelling, tasting, masti< 
catiiig, &e. ; while a small cranium, with a large £su:e, shew that 
tliese proportions are reversed. 

The nature and character of each animal must depend consideraUy 
on the relative energy of its different functions. The brain is the 
common centre of the nervous system. All our perceptions are 
conveyed to this part, as a sensarium commune : and this is the organ 
by which the mind combines and compares these perceptions, and 
draws infereBces from them; by which, in short, it reflects and 
thinks. We shall find that animals partake in a neater degree of 
this latter faculty^ in proportion as the mass of medullary substance, 
forming their brain, exceeds that which constitutes the rest of the 
nervous system ; or, in other words, in proportion as the organ of 
the mind exceeds those of the senses. Smce then, the relative pro- 
portions of the cranium and face indicate also those of the brain, 
and the two principal external organs, we shall not be surprised to 
find that they point out to us, in great measure, the eeneral charac- 
ter of animals, the degree of instinct and docility whidi they possess. 
Man combines by far the largest cranium with the smallest face; 
and animals deviate from these relations in proportion as they in- 
crease in stupidity and ferocity. 

One of the most simple methods (though sometimes indeed insuffi- 
cient,) o£ expressing the relative proportions of these parts, is by 
means of the facial line, which has been already described. This 
angle is most open, or approaches most nearly to a right angle in 
the human subject ; it becomes constantly more acute, as we descend 
in tlie scale, uom man ; and in several birds, reptiles, and fishes, 
it is lost altogether, as the cranium and face are completely on a 
leveL The idea of stupidity is associated, even by the vulgar, with 
the elongation of the snout : hence the stupidity of the crane and 
Mmpe has become proverbial. On the contrary, when the facial 
line is elevated by any cause which does not increase the capacity of 
the eranimn, as in the elephant and ott;/, by the cells which separate 
the two tables, the animal acquires a particular air of inteUigence, 
and gains the credit of qualities which he does not in reality possess. 
Hence the latter animal has been selected as the emblem of the 
goddess of wisdom. The invaluable remains of Grecian art shew 
Umt die ancients were well acquainted with these circumstances; 
thej were aware that an elevated facial line formed one of the grand 
diameters of beauty, and indicated a noble and generous nature. 
Henoe they have extended the facial angle to 90'' in the representa- 
tion of men on whom they wished to bestow an august cnaracter, 
and in the representations of their gods and heroes they have even 
carried it bevond a right anffle, and made it 10(f . 

It nnst, however, be awiwed, that the fiMnal angle is of chief 
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iunarMue in its application to the cranium of the bumau subject, 
and of die quadnimana ; as various circumstances aSect the condu- 
sioiiB which would result from employing it in other classes of mam- 
malia. Thus in the carnivormu, and some of the rummaiing animals* 
in die ^, and particularly in the elephant, the great size of the fron- 
tal sinuses produces an undue devation of the facial line- In many 
of the rodentia, as the hare, &c., the nose occupies so large a space, 
diat the cranium is thrown quite back, and presents no point on a 
front view, from which this line can be drann. 

The following are the angles formed by drawing a line along the 
floor of the nostrils, and intersecting it by another, which touches 
the anterior margin of the upper alveoli, and the convexity of the 
cranimn (whether the latter point be concealed by the face or not). 

European infant 80* 

adult 8S 

Adult negro 70 

Orang-outang 67 

Long-tailed monkeys . . , . 6& 

Baboons 40 to 30 

Pole-cat 31 

Pug dog 36 

Mastiff; the line passing along the outer 

surface of the skull . . 4t 

Ditto, iniKr ditto .... 90 

Leopard ; inner surface ... 28 

Hare 30 

Ram 30 

Horse 29 

Porpoise 2fi 

In the 3d and 4th tables of Cuvier's TabUau EHmaaaire de VHit- 
toire NaturelU, the crania of several mammalia are represented in 
profile; so as lo afTord a Bufficient general notion of the varieties i: 
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4marmoi have it one-third larger ; in the porcupine^ and the ruminanlia^ 
the area of the face is about double that of the cranium ; nearly trir 
pie in the hippopotamusj and almost four times as large in the horse. 
in reptiles and fishes, the cranium forms a very inconsiderable por- 
tioii of the section of the head ; although it is considerably larger 
than the brain which it contains. 

The outline of the face, when viewed in such a section as we have 
just mentioned, forms in the human subject a triangle, tjie longest side 
of which is the line of junction between the cranium and face. This 
extends obliquely backwards and downwards, from the root of the 
nose towards the foramen occipitale. Tlie front of the face, or the 
Witenor line of the triangle, is the shortest of the three. The face is 
flo mnch elongated, even in the simia, that the line of junction of the 
cranium and face is the shortest side of the triangle ; and the ante^ 
rior one the longest. These proportions become still more consi- 
derable in other mammalia. 

§ 15. The upper jaw-bones of other mammalia do not, as 
in man, touch each other under the nose, and contain all the 
upper teeth ; but they are separated by a peculiar single or 
double intermaxillary bonCy* which is in a manner locked be- 
tween the former, and holds the incisor teeth f of such animals 
as are provided with these teeth. It exists also in the pecarq, 
which have no incisor teeth in the upper jaw ; as well as in 
such genera as have no incisor teeth at all, viz. the duck" 
UUed animal^ the Cape ant-eatery and the armadillo. It is 
even found in those mammalia which are wholly destitute of 
teeth, as the ant-eater and the proper whales.X I^ ^^ joined 
to the neighbouring bones by sutures, which run externally by 
the side of the nose and snout, and which pass, towards the 
palate, close to the foramina incisiva.§ Its 'form and magni- 

* Gotth. Fiidier on the different form$ of the intermajnllary bone m different anu 
mab, with plates. Leipxig, 1800, Svo. ; and Koors Annotationes Anaiomicet, Gronig* 
1800, p. 5. 

t Vesalhu De e. h. fabrica, p. 46, fig. 1. 

t On this account I prefer the term iotermaxillary bone to that of ot ineisivum, 
whidi is employed by Haller. Blair, in his excellent account of the anatomy of 
-the elephant, calls it m palati ; and Vitet o$ maxillaire int^rieur. 

f In human crania, at least those of the foetus and young children, there is at 
the lame part a small transverse slit near the foramen ineisivum, of which Fallopius 
nave the following accurate aoeoant in the year 1561 : Reperio lume dioitionem vei 
rimmm ppliiis eue, quam tutwram ; cum oe ab ofte wm teparet, neque in exteriarilhu «p- 
ftreat,- vel evm of cmm mm non toi^ngat, quod mtwromm mumu est, - " I find this to 
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•■de nrj surpruingly in several orders and geners of Huun* 
Inaln. It is small in msny ferae, as also in the vxilnu (tri- 
ehechui). In man; of the gUrea* it b remarkably large, viz, 
in the beaver and marmot. It is also large in the hipfto/tO' 
t amwi , porpoise, and cachalot, (phygeter mitcrocephaliai) and 
particularly projecting in the wombat. Its form is very re- 
BMxkable in the onuthorhyncJuu, where it consists of two 
heok-lfte pieces, joined by a broad synchondrosis.-f' 

The want of the oa intermaxillan hu been r^prded at a chief 
characteriatie of the human aut^ect; as one of the leadiDcr circum- 
atances which diatinguuh man from other mammalia. That this 
bone is resUy wantiag in man must be allowed, notwiihstanding the 
doubts of Vicq d'Azyr. The well-known transverse slit, behind 
the alveoli of the incisors in the human foetus, would form a very 
aliBht and remote analogy between the human structure and diat of 
anuaalsj and when we consider, that the superior or facial surface 
of the maxillary bones, so far from being marked by any suture, 



be fadwT a ^vinoo or fiwin than a lulnn, lince it doet not Mpantc ana boae £rai 
tbe other, nor doM it ippcu exteriorl;, dot join two booei, which ii the office < 
sntnrm." Obt. Anat, How fit the tlieolu portioa of the mperior maxitluy bou 
""■fc"^ b; die latan betweea them inaj be reglrded u ■ iDdinwDt of an imcl 
nunllu; bone, hu been ehlj ihewn by Go4be, in the lit voL of hii MarflulBgi 
ConpiTe Vieq d'Aiji, Nim. di I'Aead, da Se. 1760, and Cmut. NiaM dt Imi 
Itpvtini cengtniti Nattm it Origint. Ultnj. p. 25. 

In tba c^biated dupnte of the 10th centtti;, whether GUen'i ovtnlogy wu di 
tired from the ikdeton of men or the epe, Ingnaui ergacd te ttie lattei ado i 
Iba qBOMJoa, &am Gtlen'e hmag ucribed an intermazilliTj bone ti 
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doet aot even bear a slit like that of die Inferior part, it must be put 
entirely out of the question. 

That all other mammalia possess this bone, is not quite so clear 
at that it is wanting in man. The exceptions occur in the quadm- 
1II8IUU In addition to those which the author has stated, it may be 
obeerred, that the head of an orang-ouUingf in the Hunterian Museum, 
which possesses all the other sutures, wants those which separate 
the tntermaxillary bone. Tyson did not find this bone in his spe* 
eimen of the animal, which was very young, (see his Anatomy ^ the 
Pigmy) and it did not exist in a cranium which was delineat^ by 
Daubcnton. I have also seen the crania of other monkeys, in which 
the aotores were all perfect and distinct, although this bone was 
wanting. 

% 16. The aboTe-mentioned anterior palatine holes, ot/ora^ 
nmta ineUita are double in most mammalia, as in man. They 
are much larger in quadrupeds than in the human subject ; 
in the peeara and the hare they are remarkably long and 
broad.* 

§ 17* There are remarkable impressions on the outer side of 
the upper jaw of most /T^eora, near to the nasal bones, arising 
from the situation of the sinus sebacei. This part has a 
retjcolar structure in the hare, which approximates in tha^ 
as wen as in many other points, to the formation of the rumi- 
nant animals. 

^ 18. In the zygoma we observe several important diffe- 
rences, immediately derived from the organs of mastication«f 
In many quadrupeds (especially the digitata and palmata^ 
ihe processus malaris of the superior maxillary bone runs in a 
long narrow process towards one similar in shape coming 
from the temporal, so that it occupies the situation of the 
nalar bone in man. This bone is wedged in as a middle 
piece between these two processes, has nothing to do with 
the frontal, and consequently does not contribute to the for- 
mation of the orbits. The zygoma b straight, and almost of 



* In many iastances, as in the Hon, the openings of these large foramina are 
f«y viable in the palate dvnag life. See J. Ridinger's Detmeatum rf the tame 
Lim, wkiek «wf ^idubittd in Germ&ny in 1760, <61. 

t.ficc Pia«l, R$ehtnhtt9ur «fi« Nmtvelle Methode de Clamjieatum da Qmdrupedet, 
iatbe let fol. of tiM Acta de U SeeiM d'HUtme NatwrelU de Porif. 

C 2 
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• thread-like slenderness in the mole. It is of immense 
Ktrength, and includes a large space towards the cranium, for 
lodging the powerful muscles which move the lower jaw, in 
several carmeorout animals, as the tiger, and in some giirea, 
as the beaeer. In the rat, and some othei's, it is convex 
below ; in the weasel, above. It is remarkable in the shth 
for a large descending process, which comes from the os 

The sygoma U waoting in the anl-eata; in wliicli the temporal and 
malar bones have only a alight projection instead of the usual zygo- 
matic process. This circumstance is suflicienlly explained by the 
want of teeth, and the consequent want of mastication. The zygo- 
matic suture is so oblique in tlie carnirora, that the temporal bone 
forms the whole superior margin, and the os mala: the inferior edge 
of the zygoma. 

The tygoma may be arched boih in the vertical and horizontal 
directions. A curvature of the latter kind indicates the existence of 
a strong temporal muscle ; while one of the former description shews 
that the masseter is large. Both these curvatures arc consiilcrahle 
in tlie c 



^ 19. The elephant possesses only a rudiment of the nasal 
bones. In most apes, and even in the orang-outang, there is 
a single, triangular, and very small nasal bone; in the rib- 
faced baboon {papio mormon) it is exceedingly long and nar- 
row, and sinks between the long nasal processes of the superior 
maxillary bones. In the greater number of true quadrupeds, 
there are two ossa nasi, frequently of very considerable mag- 
nitude. Tills is the case in the j)ecora and I/arc; also in the 
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§ 21. The orbits differ very much in their directioiii capa- 
city, and depth. They have for the most part a lateral direc** 
tion. In the mmuse they are directed forwards, as in man ; 
but they lie much more closely together than in the human 
subject. In the beaver they point upwards. 

They are completely closed in the quadrumanous mammalia* 
In the pecora and solidungula they have a circular margin in 
front ; but the external wall is deficient behind. In most of 
the /era, and in several glires, the outer part of their margin is 
also deficient. The depth of these cavities is equally various. 
In many cases they are so superficial as scarcely to deserve the 
name of orbit; viz. in the mole and ant-eater. Haller's asser- 
tion, that man possesses a larger bony orbit than any animal, 
is erroneous. The orbit of the cat is comparatively larger, as 
also that of several makis {lemures). See the delineation of 
their crania in Fischer's valuable work above quoted, Anatomy 
of the Maki. Frankfort, 1804, 4to. 

The interval between the orbits is always smaller in the simiae than 
in the horoan subject. In several of these, as in the monkeys, pro- 
perly so called, the two orbits are separated at their posterior part by 
a simple bony septum. In other mammalia these cavities are thrown 
towards the side of the head, and to a great distance from each other, 
by the ascending or nasal processes of the upper jaw-bones, which 
are very large. 

In those mammalia, which have the orbit open at its outer and 
back .part, -so as to communicate with the temporal fossa (such as the 
camivora, rodentia, edentata, and pachydermata) the os malm merely 
contributes to the formation of the zygoma, without being connected 
to the fi'ontal or sphenoid bones. The superior maxilla merely forms 
the anterior border of the cavity, without constituting the floor of the 
orbit, which is indeed open below. The ossa palati, which are large, 
form a considerable share of the inner part of the cavity ; the ethmoid 
bone not contributing to it. 

The ruminating animals^ as well as the horse and ass, have the mar- 
gin .of the orbit completed at its outer part by a bony circle, although 
the cavity is open behind to the temporal fossa. 

The mole has not, properly speaking, an orbit. Its diminutive eyes, 
the very existence of which was for a long time questioned, lie under 
the integuments. Blumenbach*s Beschreibung der Knocken^ p. 225, 
note. The same observation holds good of the myrmecophaga didac^ 
tyla. Ibid. 

The organ of vision is present without exception, only in one class 
of animals, namely, in birds. In the mammalia we have two instancy 
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I have collected about twenty instances, from the mid- 
dle of the sixteenth century downwards, in which koimed 
hares are said to have been found, with small branches like 
those of the roebuck, both in different parts of Europe^ 
and in the East Indies. Were this fact ascertained, it would 
furnish another strildng point in which these animals resem- 
ble die pecoro. The fact is suspicious, because I have not 
yet been sufficiently satisfied of a single instance in which 
the horns were on the hare's head, although every trouble has 
been taken to procure information ; and they appear in th^ 
drawings, which I possess, by far too large for a hare. 

The annual reproduction of horns constitutes, in many points 
of view, one of the most remarkable phenomena of animal phy? 
siology. It affords a most striking proof, 1st, of the power of 
the nutritive process, and of the rapid growth which results 
from this process in warm-blooded animals ; for the horn of a 
stag, which may weigh a quarter of a cwt. is completely form- 
ed in ten weeks : Sndly, of the remarkable power of absorption, 
by which, towards the time of shedding the old horn, a com- 
plete separation is efi^cted of the substance, which was before 
so fimdy united with the frontal bone : Srdly, of a limited du- 
ration of life in a part of an animal, entirely independent on 
the life of the whole animal, which in the stag extends to about 
thirty years: 4thly, of change of calibre in particular vessels ; 
fi>r the branches of the external carotid, which supply the 
horn, are surprisingly dilated during its growth ; and recover 
their fiNrmer dimensions when that process has ceased : 5thly, 
of a peculiar sympathy, which is manifested between the growth 
of the horns and the generative functions ; for castration, or 
any essential injury of the organs of generation, impedes the 
growth, alters the form, or interrupts the renewal of the 
homs.^ It has also been asserted, but without a sufficient 



* See Rutsell'i eiperimeDts in his Eecnmny of Nature in Acuta ami Cknmml 
Dimam if the GUmdt : BerUn Soe. cf Jnquiren itUe Nature, vol. ir. p. 360, and 
Dr. Paris, in the Tnntae. of the JJnnean Society, vol. x. part IL p. 211. 
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proof hitherto, that injuries of the newly formed horn render 
the stag impotent for some time. 

The word horn, which is frequently a[>p)ied in English to ihe anl- 
ierto{the deer kind, as nell as to the real horns of other genera, 
would lead to very erroneous notions on this subject. The antler is 
a real bone ; it is ibrmed in the same manner, and consists of the same 
elements as other bones ; its structure is also the same. 

It adheres to the frontal bone by its basis ; and the substance of 
the two pdrta being consolidated together, no distinction can be traced, 
when the antler is completely organized. But the skin of the forehead 
terminates at its basis, which is marked by an irregular projecting 
bony circle ; and there is neither skin nor periosteum on the rest of 
it. The time of its remaining on the head is one year : as the period 
of its fall approaches, a reddish mark of separation is observed be- 
tween the process of the frontal bone and the antler. This becomes 
more and more distinctly marked, until the connexion is entirely de- 
stroyed. 

The skin of the forehead extends over the process of the frontal 
bone, when the antler has fallen : at the period of its regeneration, a 
tubercle arises Irom this process, and takes the form of the future 
antler, being still covered by a prolongation of the skin. Thestruc- 
ture of the purt at this time is soft and cartilaginous ; it is immedi- 
ately invested by a true periosteum, containing large and numerous 
vessels, which penetrate the cartilage in every direction, and by the 
gradual deposition of ossific matter, convert it into a perfect bone. 

The vessels pass through openings in the projecting bony circle at 
the base of the antler ; the formation of this part, proceeding in the 
same ratio with that of the rest, these openings are contracted, and 
the vessels are thereby pressed, until a complete obstruction ensues. 
The skin and periosteum then perish, become dry and fall off; the 
surface of the antler remaining uncovered. At the stated period it 
falls ofl'i to be ajjain produced, ; 
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mg the nearest to him in this respect.^ The same bone is fur- 
ther distinguished by the peculiar form and direction of its 
condyle. The articulation of these processes varies according 
to the structure of the masticating organs. They are both si- 
tuated in the same straight horizontal line in the ferm; their 
form is cylindrical ; and they are completely locked in an elon- 
gated glenoid cavity, whose margins are so extended before 
and behind the condyle, that all rotatory motions are rendered 
impossible, and hinge-like movements only allowed. This 
structure is most strikingly exemplified in the badger^ where 
the cyKndrical condyles are so closely embraced by the mar- 
gins of the articular cavity, that the lower jaw (at least in the 
adult animal), is still retained in its situation, after the soft 
parts have been entirely removed by maceration. In many 
herbivorous animals (in the most extensive sense of the term) 
these condyles are really rounded eminences ; viz. in the ele* 
phmU and beaver^ Their surface is flattened in the pecora, 
trhich have also the lower jaw narrower than the upperj so 
that the two sets of teeth do not meet together, when the 
mouth is shut, but are brought into contact by the free 
Literal motion, which takes place in rumination. The two con- 
dyles lie parallel to each other in a longitudinal direction in 
many glires; viz. in the hare, where (as in the ant-eater) i^xt 
coronoid process is almost entirely wanting. This process is 
on the contrary very conspicuous in the giraffe. The cetacea 
have the articular surface of the lower jaw turned almost di- 
rectly backwards.t 

There are, on the whole, few other bones in the skeleton of 
mammalia, of such various forms as the lower jaw. The most 
anomalous formation of this bone is the shovel-Uke surface of 
its anterior part in the duck-billed animal: to which may be 



* See Phiel ^r In Ot dela TiU ie VElephant in the Journal ds Phyd^, torn, 
iliii. p^64. 

t The- ttngiilar, but very, common enor, of considering the htlvet of the lower 
itw of the whale m ribs has been already refuted by Rondelet, D$ Piteibut, p. 53. 
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added die rery strong horisontal processes on the under side 
of the lower jaw in the wombat, and the strikingly large late- 
ral portioni of this bone in the BraxiUan iwoaieyi^^egre tytt Ag- 
emf m m e t i lm t amd Bdmebt^ht^waea which the bony cavity of 
the kzyitx is situated* which enables them to emit a pecidiar 
iTciili iiiiiii' fi<t ""'^ 

We have lasdy to obserre that the two halves of the lower 
jaw are connected diroughout U£e, in many mammalia, hy a 
mere syBchondrous ; which is easily separated by boiling or 
macemliaii. This iathe case in many/<;riE, gliret, and eetacea. 
They are consolidated into one piece, as in the human subject 
at an early period, in the quadrvmama, as also in the hortef 
kamed cattle, pig, elepkant, &c. 

As the modons of the lower jaw roust be msterially inflaenced b^ 
the fbrm of its cxmdyle, and by the manner in whi^ that procesi w 
^TT"—^ to the ar^cukr cavity of the temporal bone ; we ihall find, 
aa might have been expected, a close relation between these circum- 
ataocea and the kind of food by which an animal is nourished. Thua 
Ae lower jaw of the camivora can only move upwards and down- 
wards, and ia oomplately ioc^Mhle c^ that horizontal motion which 
oooBtUutes genuine mastication. Hence these aninuda cut and tear 
their food in a rude and coarse manner, and swallow it m large por- 
ttona, which are aAerwarda reduced by the solvent properties of tlie 
gaatrie juice. BaA mammalia, on the CMMraiy, as live on vcgeta- 
bla, have,inadditi(»itothian>otion,apower of moving the lower jaw 
backwards and fctrwards, and to either side ; so aa to produce a grmd- 
ing effect, which is necessary for bruising and triturating grass, and 
for pulverising and comminuting grains, in all these, therefore, the 
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ezeeptiDm: the jMroper whales, (JbaUnue) the manU^ (scaly 
UMord) «id the jtmerican ant'eaierSf are the only genera eiv 
liiely destitute of these organs. 

^e substance and texture of the teeth are different from 
those of all other bones. The enamel which corers the crown 
of the tooth is characterized by its peculiar hardness (spades 
of fire may be produced by striking it against steely as weDas 
by the want of animal matter, with which the bony part of the 
crown as weU as the fang of the tooth are copiously provided. 
It teems to be wanting in the tusks of the elephani, as abo an 
diow of die fiMlruSf the narwhaley {monodan, sen'mnicom) andiii 
the incisors of the African hog (sus JEthiopicus). Yet these 
are all surrounded by an external thin coat of a different sub- 
stance from the body of the tooth. These teeth have indeed 
some peculiarity in their texture ; the ivory of the elephant's 
tusks in particular is unlike any other substance. Not to meotiofi 
other peculiarities of ivory, which have induced some modem 
naturalists to consider it as a species of homy the difference 
between its structure and that of the bone of teeth is evinoed 
in the remarkable pathological phenomenon, resulting from 
Jballsy with which the animal has been shot when young, being 
Ibund on sawing through the tooth, imbedded in its substance 
in a peculiar manner, Haller employed this fact, both to re- 
fute Duhamel's opinion of the formation of bones by the pe- 
riosteunit like that of wood by the bark of a tree ; as well as to 
prore the constant renovation of the hard parts of the animal 
machine. It is stiQ more important, in explanation of that 
'' nuiriiio ultra vasa,*' which is particularly known through the 
Petersburg prize dissertation. Instances of the fact above- 
mentioned, in all which the balls were of iron, may be seen 
in several writers.^ I possess a similar specimen : but there 
IS a still more curious example in my collection, of a leaden 
bullet contained in the tusk of an East Indian elephant, which 



• Biifibo, 4to. ed. torn, ii. p. 161, in (HUandat over de OlyphanU Tandmi in the 
WwhmMingm dtr Gmootfcht U VHmngen, p. S52, torn. ix. ; and in BcamH Dmr, 
tk tm wi Uatiam, p. 146. Oocthe'aA&vpMi^»vol. ii.p« 7; aadCsnw^ Omni^ 
fmu k i, torn. L p. 48. 
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tiuk must have been equal in size to a man's thigh, without 
having been flattened. It lies close to the cavity of the tooth ; 
its entrance from without is closed as it were by means of a 
deatrix; and the ball itself is surrounded apparently by a pe- 
cn&ar covering. The bony matter has been poured out on the 
ride of the cavity in a stalactitic form. 

The organisation of the molar teeth of the Cape ant-eatert 
18 perfectly anomalous ; they consist of vertical tubes. In some 
animals lAie crowns of particular teeth are distinguished by 
peculiar colours. The incisors of some glires, as the beaoer, 
tnarmot, and squirrel, are of a nut-brown colour on their ante- 
rior'surfice, and the molar teeth of several bittUca, as well as 
of the elephant, are covered by a very hard black substance 
of a vitreous appearance. This black vitreous matter is some- 
times covered with a crust of a metallic shining bronze colour; 
particularly in the domesticated horned cattle, and sheep.* 

The teedi of the human subject aecm to be designed for the single 
pnrpoae of mastication ; and hence an crroneoui conclusion might be 
drawn, that they serve the same office in other animals. Many ex- 
ceptiotu, however, must be made to this general rule. Some mam- 
malia, which have teetli for the office of mastication, have others, 
which can be only considered oa weajmnB of offence and defence, as 
the ivakt in the clephani, kippapotamus, tcatrut, and manaH. The large 
and long canine teeth of the corNicora, as the lion, tiga', dog, cat, Sec 
not only serve as natural weapons to the animal, but enable it to seise 
and hold its prey, and assist m the rude laceration which the food un- 
dergoes previous to deglutition. The seal, the poTpnisc, and other 
rpliii/ai) have all llie leeth of 
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two or three hundred on each of the surfaces. They are connected to 
the bone by the intervention of a white ligamentous substance, from 
which they grow ; but their opposite edge, which is turned towards 
the cavity of the mouth, has its texture loosened into a kind of fringe, 
composed of long and slender fibres of the horny substance ; which 
therefore covers the whole surface of the jaw. This structure proba- 
bly serves the animal in retaining and confining the moUtuca which 
constitute its food. 

The teeth of the omiihorkynchus paradoxus and hystrix deviate very 
considerably from those of other mammalia. In the former animal 
there is one on each side of the two jaws : it is oblong, flattened on 
its surface, and consists of a horny substance adhering to the gum. 
There are likewise two horny processes on the back of the tongue : 
these point forwards, and are supposed by Sir Everard Home to pre- 
vent the food from passing into the fauces, before it has been suffi- 
ciently masticated. In the hystrix, there are six transverse rows of 
pointed horny processes at the back of the palate ; and about twenty 
aimiJar homy teeth on the corresponding part of the tongue. 

See Sir Everard Home in the Philos, Trans. 1800, part 2 ; 1803 
parts 1 and 2. 

The snbstance composing the tusks of the elephant, commonly 
called ivoory, is certainly different from the bone of other teeth. It is, 
generally speaking, more hard and compact in its texture ; it is dis- 
tinguished from all others by the curved lines which pass in different 
directions from the centre of the tooth, and form, by their decussation^ 
a very regular arrangement of curvilinear- lozenges. It soon turns 
vellow from exposure to the air. The tusk of the hippopotamus is 
harder and whiter ; and consequently preferred for the formation of 
artificial teeth. In the walrus, the interior of the tooth is composed 
of small round portions, placed irregularly in a substance of different 
appearance, like the pebbles in the pudding stone ; and the molar 
teeth have a similar structure. 

The curious facts which Blumcnbach has mentioned in this section 
have been sometimes brought forward to prove the vascularity of the 
teeth ; a doctrine which is refuted by every circumstance in the for- 
mation, structure, and diseases of these organs. It may be first ob- 
served, that the appearances exhibited by the teeth in question are 
by no means what we should reasonably expect in such a case. When 
a bullet has entered the substance of the body, the surrounding lace- 
rated and contused parts do not grow to the metal, and become firmly 
attached to its surface, but they inflame and suppurate in order to 

Erid of the offending matter. If the ivory be vascular and sensi- 
, why do not the same processes take place in it ? 
We can explain very satisfactorily how a bullet may enter the tusk 
of an elephanti and become imbedded in the ivory without any open- 
ing for its admission being perceptible. It will be hereafler shewn 
that these tasks are constantly growing during the animal's life, by a 
deposition of successive laminae withm the cavity, while the outer 
sorfiice and the point are gradually worn away ; and that the cavity 
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m illad A> tUt purpose with k vaseuUr palp, ■imilar to that oa 
wkidi teetb are originally forroed. If a ball penetrate the side of a 
talk, cross llie carity, and lodge in the sligliteat way on the opposite 
sid^ it will become covered towards the cavity by the newly depo- 
idted layers of ivory, while no opening will exist between it and the 
sw&ce, to aecount for its entrance. If it have only sufficient force to 
aU«r, it vrill probably sink, by its own weight, between the pulp and 
tooth, nntil it rests at the bottom of the cavity. It thi;re becomes sur- 
lonnded by new layer* of ivory ; and as the tusk is gradually worn 
away, and supplied by new d^Msitions, it will soon be found in tbo 
centre of the solid part of the tooth. Lastly, a foreifin body may 
enter the tusk horn above, as the plate of bone which forms its socket 
ts thin ; and if this descends to the lower part of the cavity, it may 
beeome imbedded by the subsequent formations of ivory, 'j'his must 
have happened in a case where a spear-head was found in an ele< 
phant's tooth. The long axis of the foreign body corresponded to 
that of the cavity. No opening for its admission could be discovered, 
and it is very dear that no human strength could drive such a body 
through the aide of a tusk. Philoi. Train. 1801, part i. 

\ 25. It IB difficult to fniDB a classification of the teeth 
whkli shall be generally applicable, and at the same tisM 
intelligible. Their situation affords perhaps a more eligibl* 
basis of arrangement than their form, since that is the same 
Uiroughout, in some instances, as in the cachalot aadporpoise. 
They may therefore be distributed into the three classes of 
fiont teeth, comer teeth, and bad teeth. 

The front teeth are the incitora of Linnieus. The comer teedi 
are the caaini, laninrii, of Lianaus ; cuipidati of Hunter. The back 
teeth are the siolarei. The term of taikt is applied to such teeth as 
■^tend out of the cavity of the mouth. 
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teeth placed just behind the large ones* The ctowmu of the 
firont, as well as of the back teeth, form flat promfaiences in 
the walrus. The front extremity of the lower jaw, with its 
tatJdi , extends in the dolphin (delphintis delphig) much beyond 
die corresponding part of the upper jaw, contrary to what 
happens in other animals. The lower fore teeth of most mam- 
malia have a more or less oblique position ; while in man they 
are perpendicular. The orang-outang of Borneo is the only 
ammal which in this respect at all approaches to the human 
solyeet. 

The stroctore of the incisor teeth, in the rodcntia^ deserres atten- 
tion on several accounts. They are covered by enamel only on theif 
anterior or convex surface, and the same circumstance holds good 
with tesgeet to the tusks of the hippopotamus^ Hence, as die bone 
wears down much faster than this harder covering, the end of the 
tooib always constitutes a sharp cutting edge, which renders it very 
deserving of the name of an incisor tooth. 

This partial covering of enamel refutes, as Blake has observed 
(Sn^ am the Siniciure, ifc. of the Teeth , p. 212,) the opinion that the 
enamel is fimned by the process of crystallization. 

The indsor teeth of these animals are used in cutting and gnawiitf 
the harder vegetable substances ; for which their above-mention^ 
sharp edge renders them particularly well adapted. Hence Cuvlear 
has arranged these animals in a particuhir order by the name of 
nxfemio, or the gnawers. As this employment subjects the teeth to 
immenae firiction and mechanical attrition, they wear away very 
rapidly, and would soon be consumed, if tliey did not possess a power 
or growdi, by which this loss is recompensed. 

These teeth, which are very deeply imbedded in the jaw, are hol- 
low internally, like a human tooth, which is not yet completely 
fiirmed. Their cavity is filled with a vascular pulp, similar to that 
on which the bone of a tooth is formed ; this makes a constant 
addition of new substance on the interior of the tooth, which ad- 
vances to sumply the part worn down. The covering of enamel 
extends over that part of the tooth which is contained in the jaw, as 
we might naturally expect: for this must be protruded at some 
fiiture period to supply the loss of the anterior portion. Although 
these teeth are very deeply implanted in the maxillary bones, they 
can hardly be said to possess a fang or root ; for the form of the 
part is the same throughout ; the covering of enamel is likewise 
oontiniied; and that part, which at one period is contained in the 
jawy and wonld form the fang, is aflerwards protruded to constitute 
the body of the tooth. 
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The conattntgiotrth of tbcM teeth, therefore, proceedi in theaame 
manner, mnd is efiected on the same prindplea as the original forni»- 
lion of any tooth, and can by no means furniBli an argument for the 
exutence of vecaels in the tubatance of the parL 

We cannot help being struck nith the great size of these teeth, 
compared vrith the othera of the same animal, or even nith the bulk 
of the animal. Their length in the lower jaw nearly equals that of 
the jaw itself although a small proportion only of this length appears 
throo^ the gum. Tbey r^resent the segment of a circle ; aiul are 
coDluned in a canal of the bone, which descends under the socketa 
of the grinders, and then mounts up, in some instances, to the root 
of the GOTOnoid process : hence, although their anterior cutting edge 
ia in the front of the mouth, the posterior extremity is behind all the 
grinding teeth. No animal exhibits this structure better than the 
nL The beaver also affords a good specimen of it on a larger 
scale. It has been drawn in this animal by Blake, {Euag on the 
Stnetmrt, i(c. o/ike TeetA, tab. 9, fig. 3). The looth does not extend 
so lai in the upper jaw ; it is there implanted in the intermaxillary 
bone, and terminates over the first grinder. 

The observations which have been made respecting the constant 
growth of the incisor teeth oftbeglira will apply also to the tusks of 
the e^epAoU. These are hollow internally, through the greater part 
of their length, and the cavity contains a vascular pulp, which makes 
constant additions of successive layers, as the tusk is worn down. 
One of the elephanta at Exeter Change is said to have nearly bled 
to death from a fracture of the tusk, and consequent laceration of 
the vessels of the pulp. The tusks of the hippopotamuM, and pro- 
bably all other teeth of ths description, grow in the same manner. 
Fm^er and more accurate observation may hereafler shew, that the 
same mode of growth obtains also in other classes of teeth when 
they are exposed to great friction. Something similar may certaiidy 
be observed in the grinders of the horse. The tooth is not finished 
when it cuts the gum : the lower part of its body is completed while 
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^ S7. The corner teeth (canini) of the upper jaw lie close 
to the intermaxOlary bone ; hence the remarkable spiral tusk 
of the narwiale,^ and the tusks of the walrus belong to this 
dhdsion. In many baboons, and most particularly in the larger 
predacious mammalia, these teeth are of a terrific size : in the 
btter animals, the whole profile of the anterior part of the 
cranium forms a continuous line with these teeth, which is 
yery visible in the tiger. The canine tusks of the babiroussa, 
which are very long, and curved so as nearly to describe a 
complete circle, present the most curious structure. Their 
utility to the animal appears quite obscure, when their length, 
direction, and smallness are considered. The small canine 
teeth, which are situated just behind the larger ones, in all the 
species of the deer and bear kind, are also remarkable. This 
is the case in the brown bear of the Alps, of which I have 
three crania; in a black American; in one whose country 
18 unknown, belonging to the national Museum at Paris ; and 
in the Polar bear; of all which I possess excellent drawings, 
throtigh the kindness of Professor Cuvier. These small teeth 
lie wanting in the fossil remains of an ante-diluvian bear, 
(trrncf speUeus) towards the illustration of whose osteology I 
have a large collection, from the four most celebrated caverns 
in Germany, viz. that of Scharzfelder in the Harz, of Gailen- 
leuter in the Fichtelberg, of Altensteiner in Thuringerwald, 
and of Sunwicher in Iserlohn. 

The narwhak is found so constantly with only one tusk, that it has 
been called the sea-unicorn, and Linnaeus has even given it a similar 
appellation, that of monodon. Yet there can be no doubt that it 
possesses originally two of these ; one in either jaw-bone ; and that 
yriath is wanting must have been lost by some accidental circum- 
stance, as we can easily suppose, (Shaw's Zoology, vol. ii. p. 473). 
These tusks often equal in length that of the aniinaFs body ; which 
may be eighteen feet or more ; yet they are always slender. 

The result of Sir E. Home's examination of two specimens of the 
male narwhale in the Hunterian collection, and of a female sent to 
Urn by Mr. Scoresby, was, that the left tusk of this animal appears 



* I miut refer to the 5th part of my DeliMatUmt of SubfecU rtlating to Natural 
Blurry f tof what it there taid on the quettioo, whether the nanehaU has really one 
or two of these teeth. 
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ifltermixed in a tortuous line with vertical productions of ena«* 
bmL* In many animals which feed on grass, and do not 
mminate^ as the soUdunguladmA the elephant^ the broad crowns 
of the grinding teeth lie chiefly in a horizontal direction 
towards each other. In most pecora, on the contrary, their 
surface, which forms a zig-zag line, is oblique ; the outer mar- 
gin of the upper teeth and the inner margin of the lower teeth 
bang the most prominent. In most predacious animals, par- 
ticularly of the lion and dog kind, the crowns of the molar 
teeth are compressed, and terminate in pointed processes, the 
lower (Mies shutting within the upper ; so that in biting they 
intersect each other, Uke the blades of a pair of scissars, in 
consequence of the firm hinge-Uke articulation of the cylin- 
drical condyle. 

The distribution of the enamel and bony substance Varies in the 
teeth of different animals, and even in the different orders of teeth 
in the same animal. 

All the teeth of the camivora, and the incisors of the ruminating 
amnials, have the crown only covered with enamel, as in the human 
sabject. The immense fossil grinders of the animal incognitum, or 
wutmmoth, have a similar distribution of this substance. 

The grinders of graminivorous quadrupeds, and the incisors also 
of the horse, have processes of enamel descending into the substance 
of the tooth. These organs have also in the last-mentioned animals 
a third component part, differing in appearance from both the others, 
but resembhng the bone more than the enamel. Blake has distin- 
guished this by the name of crusta petrosa ; and Cuvier calls it cement. 

The physiological explanation of this difference in structure is a 
very easy and dear one. The food of the camivora requires very 
littfe comminution before it enters the stomach : hence, the form of 
ibeir molar teeth is by no means calculated for grinding ; and, as the 
articulation of the jaw admits no lateral motion, these teeth, of 
which the Mtar are overlapped by the upper, can only act like the 
incisors of other animals. The food of graminivorous quadrupeds is 
sab)ect to a long process of mastication, before it is exposed to the 
action of the stomach. The teeth of the animals suff*er great attri- 
tion during this time, and would be worn down very rapidly but for 
the enamel which is intermixed with their substance. As this part 
is harder than the other constituents of the teeth, it resists the attri- 
tion longer, and presents the appearance of prominent ridges on the 



* The specifically (UfTerent forms of the layers of enamel, in the African and 
Atiatk eUphanti, may be seen in the Ddintatitm, &c. part u. tab. 19. 

D 2 



36 ON THE SKELETON OP HAMMALU. 

worn nirfkce, by which the grincling of the food is much facilitated. 

The diatinction of the three substances is seen better in the tooth 
of the elephant than in any aniinal. The bett method of displaying 
it ii by making a longitudinal vertical section, and polishing the cut 
stirface. The crutta petroaa will then be distinguished by a greater 
yellowness and opacity in its colour ; anil by an uniformity in its ap- 
pearance, as no laminse or fibres can be distinguished. 

The pulp of a grxnAitia tooth of a graminiTorouB quadruped is di- 
vided into certain conical processes, which are united at their bases. 
These vary from two to six in the korte and cow. On these tlie 
bone of the tooth is formed, as on the single pulp of the human sub- 
ject, but it is here divided into as many aeparate shells as there are 
processes of the pulp ; all of them, however, enclosed in a common 
capsule. The ossification commences, as in all teeth, on the points 
of the pulp, and extends towards the basis : when it has arrived 
there, the shells unite together ; and they also join at their outer 
margins. Between the processes of the pulp other productions de- 
scend from the capsule in a contrary direction ; and deposit, on the 
surface of the shells, enamel distinguishable by its crystalline ap- 
pearance, and hence denominated by Blake cortex tiriatua. When 
these membranous productions have formed their portions of enamel, 
they secrete the crvua ptirosa within the cavities teh between them. 
The outer surface of the bone of the tooth is covered by enamel, 
which may be compared to that which invests the crown of a human 
tooth, except that it is deposited in an irregular waving line, in order 
to render the surface better calculated for grinding ; and the ineoua- 
lities of this surface of enamel are filled up by crvHa petrota. The 
exterior enamel, and cmUa petroaa, (which may be so named, 1^ 
way of distinguishing them from the processes within the tooth) are 
formed by the surface of the capsule. 

If, then, we make a transverse section of a grinding tooth of the 
hone or cmd, the exterior surftce will be found to consist of an irre- 
s succeeded by a waving line of 
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to fenn internal yroductiont of the enamel. This substance is bow* 
ewer deposited m a very convoluted manner on the bone of the 
toothy so that the same end is attained, as if productions of the 
cortex Unaiui had existed in the centre of the part. The cruHa pe^ 
irata fiUs up the irregularities of this waving line of cnameL A ho- 
montal section of such a tooth presents the three substances ar- 
ranged within each other : the crusta petrota is external ; then comes 
the enamel, which includes nothing but the proper bone of the tooth. 
^The incisors of the horse have a production of enamel in their 
eentre ; but the cavity which this forms containing no crutta petro$a^ 
it merdy filled by the particles of food, &c. As these processes 
of enamel deseena only to a certain extent in the tooth, they disap- 
pear at last from the constant wear of the part in mastication ; and 
dib is impfoperly called the filling up of the teeth. Hence a crite- 
rion arises of the horse's age. 

The grinding teeth of die elephant contain the most complete in- 
termixture of the three substances, and have a greater proportion of 
cmiu petrom than those of any other animal. The pulp forms a 
nomber of broad flat processes, lying parallel to each other, and 
placed transversely between the inner and outer laminse of the 
ahreolL The bone of the tooth is formed on these in separate shells 
oommencing at their loose extremities, and extending towards the 
baaia where they are connected together. The capsule sends an 
equal number of membranous productions, which first cover the 
bony sheDs with enamel, and then invest them with crusta petrosa ; 
which latter substance unites and consolidates the different portions. 
The booy ahells vary in number from four to twenty-three, accordr^ 
ing to tne sixe of the tooth, and the age of the animal : they have 
been deacribed under the term of denticuli, and have been repre- 
sented as separate teeth in the first instance. It must, however^ be 
lememibered, diat they are formed on processes of one single pulp. 

When the enuia petrosa is completely deposited, the different den- 
ticnli are consolidated together. The bony shells are united at their 
bate to the neighbouring ones ; the investments of enamel are joined 
in like manner ; and the intervals are filled with the third substance, 
which really deserves the name bestowed on it by Cuvier, of cement. 
The pulp it then elongated for the purpose of forming the roots or 
ikngs oi the tooth. From the peculiar mode of dentition of the ele- 
phapt, the front portion of the tooth has cut the gum, and is em- 
ployed in mastication, before the back part is completely formed, 
even before tome of the posterior denticuli have been consolidated. 
The hack of the tooth does not appear in the mouth until the ante- 
rior part hat been worn down even to the fang. 

A horixontal section of the elephant's tooth presents a series of 
narrow bands of bone of the tooth, surrounded by corresponding 
poitiont of enameL Between these are portions of crtista petrosa ; 
and the whole circumference of the section is composed of a thick 
l^fer of the same substance. 

A verdcal secdon in the longitudinal direction exhibits the pra*> 
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cciiM of bone, upt>D the diflereot dmticuli, running up from the 
fiuin ; *. Tertical layer of enamel » placed before, and Bnotber fae- 
hina each of these. If the tooth is not yet worn by mastication the 
two layers of enamel are continuous at the part where the bone ter- 
minates in a point ; and the front layer of one denticulua is continu- 
oua with the back layer of the aucceeding one, at the root of the 
tooth ; so that the enamel, ascending on the anterior, and descend- 
ing on the posterior surface of each denticulua, forms a continued 
line through the whole tooth. Cruiia ptiroin intervenes between 
the ascending and descending portions of the enamel. 

As the surface of the tooui is worn down in mastication, the pro- 
cesses of enamel, which are capable of making a resistance by ueiT 
■aperior hardness, form promuent ridges on the grinding surface, 
which must adapt it excellently for bruiting and comminuting any 
hard substance. 

The grinding bases, when worn sufficiently to expose the enamel, 
present a very different appearance in the Aiiatic and jl/ricaii de- 

Shants. The processes of enamel in the former species represent 
attened ovals, placed across the tooth. In the latter they form n 
aeries of lozenges, which touch each other in the middle of the 
tooth. . 

It does not appear that cruiia pctrota is an essential part in the 
grinders of graminivorous animals. For those of the rhmoetrot do 
pot possess it, although the enamel descends into their substance, and 
forms a cavity, which is filled with the food, &c. 

Home and Blake likewise state, that it does not exist in the i^po- 
Mfanmi, nhere there are internal productions of enamd : but Mr. 
Macartney has found it in small quantity on the exterior snrikce of 
the tooth near its root.* 

h 29. Certain classes of the teeth are entirely waoting in 
some orders, classes, and genera of quadrupeds ; as the upper 
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canine and mokr^ are separated by considerable intervals; 
QuB happens in the horse and bear. There is no animal in 
which these parts are of such equal height and such uniform 
arrangement as in man. 

All the three kinds of teeth are found in the quadrumana, the 
eanUvora^ the pachydermata, (excepting the two- homed rkinoceroi and 
^^kani) the horUf and thoie ruminating animals which have no 
horns. 

Cuvier states, that the teeth of an animal whose bones are found 
in a fossile state resemble those of man, in being arranged in a con- 
tinaed and unbroken series. 

In the sinttf, camivora^ and all such as have canine longer than 
the other teeth, there is at least one vacancy in each jaw, for lodging 
the aupidatut of the opposite jaw. There is a vacancy behind each 
cuune in the bear. 

The homed ruminating animals not only want entirely the upper 
meitorM, but they are also destitute of cuspidatij except the ttag^ 
which has rudiments of these teeth ; and the musk, (mosckus mosckiftr) 
in which they are very lonff, and curved in the upper jaw. 

Between the incisors and grinders of the horu a very large y^cwacj 
is lefty in the middle of which a small canine toothy termed the iushf 
is found in the male animal, but very rarely in the female. 

The elephant has grinders and two tvsks in the upper jaw, but the 
Ibrroer only io the lower. The immense tusks belong properly to 
the male animal ; as they are so small in the female, generally speak- 
ing, as not to pass the margin of the lip. (Corse, in Phil. Trans. 
1799, part 2, p. 208.) 

The sloths have grinding and canine teeth, without incisors. The 
dotpkin and porpoise have smaU conical teeth, all of one size and 
shape, arranged in a continued line throughout the alveolar margin 
of both jaws. The cachalot ( physeter macrocephalys) has these in the 
lower jaw only. The teeth of the seal are all of one form, viz. that 
of the canine kind, conical and pointed. 

The narwhale has no other teeth than the two long tusks implanted 
in its OS intermaxillarc, of which one is so frequently wanting. A 
head, in which there are two of these tusks, is delineated by Dr. 
Shaw, in his Zoology, from a specimen in the Lever ian Museum. 
These tusks are remarkable for the spirally convoluted apfiearance 
of their external surface. They are hollow internally, and probably 
have a constant growth like the elephant's tusks. See § 27- 

S so. The want of satisfactory observations* prevents us 
from saying much on the change of the teeth, particularly in 

* See the detailed descriptioD of the change of the teeth ia the horse by Tenon, 
Smr MM Mhkods partieuliirt dCetudier l^ArutUmie, in the MSm. ds Clnttitut National, 
toiii.ii.p. S5S ; and J. W. Neergaard*! Katurbaehreibufig der Zahns de$ Pferdtiniit 
HuMeht mtf tmdrs Thisru Kopenh. 1S16. 
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wild anitnals. Among the digUata many of the gUret, as 
the marmot and rabbit, do not appear to change their teeth.* 
Some erroneous opintone of former times, as, for instance, that 
the domesticated pig changes its teeth, and that the wild anW 
inal does not, hardly require an express contradiction in the 
present day.'f- During the time of change in theforee, parti- 
cularly ill the dog and otter, the number of their canine teeth 
often seems doubled, since the permanent ones cut the gum 
before the deciduous have fallen out. Apes, like the human 
subject, have no bicuspides among the deciduous teeth ; but 
there are, instead of these, two proper molares on either ude 
of the jaw.} The change of the teeth takes place in the 
elephant in a very remarkable manner.^ The new permanent 
tooth comes out behind the milk tooth, the vertical layers of 
which are gradually remoTed,|| as the formation of the latter 
advances. T There is, however, perhaps no animal of this 
class, in which the first appearance and subsequent removal 
of the deciduous teeth takes place at so late a period of life as 



The permanent teeth are generally formed in cavities near the 
loota of the temporary onea, and they succeed to the vacancies left 
by the discharge of the latter. 

A different mode of succesiion obtains, however, in some instances. 
The adult molares of the human subject are not formed near any of 
the temporary teeth, but in the back of the two jaws ; from which 
n (hey advance successively tuwards ihe froiif, in proportion 
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of beautifiil engravings. See Obsavatiow on the differeni Species qf 
Amatic Eiepkants^ and their Mode of Dentition. Phil. Trans. 1799, 
part 2. 

We never see -more than one grinder and part of another through 
the gum in this animal. The anterior one is gradually worn away 
by mastication ; its fangs and alveolus are then absorbed : the pos- 
terior tooth coming forwards to supply its place. As this goes 
through the same stages as the preceding grinder, a third tooth, 
wfaidi was contained in the back of the jaw, appears . through the 
gam* and advances in proportion as the destruction and absorption 
of the other proceed. The same process is repeated at least eight 
times, and each new grinder is larger than that which came before it. 
The lst» or milk grinder, is composed of four transverse plates ot 
denticnli, and cuts the gum soon afler birth. The 2d, which has 
eight or nine plates, has completely appeared at the age of two 
years. The 8d, formed of twelve or thirteen, at six years. From 
the 4th to the 8th grinder, the number of plates varies from fifteen 
to twenty-three, which is the largest hitherto ascertained. The 
exact age at which each of these is completed has not yet been 
made out : but it appears that every new one takes at least a year 
more for its formation than its predecessor. 

From the gradual manner in which the tooth advances, it is mani- 
fest that a small portion of it only can penetrate the gum at once. 
A grinder, consisting of twelve or fourteen plates, has two or three 
of these through the gum, whilst the others are embedded in the jaw. 
Tha formation of the tooth is complete therefore, first, at its anterior 
part, which is employed in mastication, while the back part is very 
mcomplete; as the succeeding laminae advance through the gum, 
their formation is successively perfected. But the posterior layers 
of the tooth are not employed in mastication, until the anterior ones 
have been worn down to the very fang, which begins to be absorbed. 
One of these grinders cau never therefore be procured in a perfect 
state ; for if its anterior part has not been at all worn, the back is not 
oompletely formed, and the fangs in particular are wanting, while 
the structure of the back of the tooth is not completed until the 
anterior portion has disappeared. 

A similar kind of succession, but to a less extent, has been ascer- 
tained by Sir Everard Home, in the teeth of the sus JEthiopicus, 

Observations on the Sti-ucture of the Teeth of Graminivorous Stuadru- 
peds; particularly t/iose of the Elephant and sus JEthiopicus. Phil. 
Trans. 1799, part 2. 

The researches of the same gentleman have also proved it to exist 
in the wild boar to a certain degpree, and have renaered it probable 
that it occurred likewise in the animal incognitum (mammoth). 

Observations on the Structure and Mode of Growth of the Wild Boar 
tind Animal Incognitum. Phil. Trans. 1801, part 2. 

I 81. The crown of the tooth is gradually worn down by 
the act of mastication, and receives from this cause a kind of 
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poHidied sur&ce, which is especially observable in the eantM 
teeth of the pig and hippopotamut. The age of the futrte fs 
determined by the appearance of the &ont teeth. It has been 
obserred in the glires, that when the upper or lower pair oS 
incisors is lost, the opposite teeth grow out to a monstrous 
length. A similar growth takes place when these animals are 
confined to soft food.* 

S 3S. From the head of mammaUa we proceed to conndw 
the trunk, according to its division into the three principal 
parts oi Mpine, pelvu, and chett. The former of these is the 
most constant part of the skeleton, as it belongs to all red- 
blooded animals without exception, and is not found in a single 
white-blooded one. 

^ 33. It is remarkable, that the animals of this class, at 
least the four-footed ones, constantly agree in the number of 
their cervical rertebree. The giraffe or the horse have nei- 
ther more nor fewer than the mole or aaU-etUer. In all there 
are always seven, as in the human subject. An unexpected 
irregularity has been discovered by Cuvier in the three-toed 
tloth f^ it has nine vertebrae of the neck. In some celacea, oa 
the contrary, tliere are only six; and, in these animals, four or 
five are generally consolidated together. The atku is distin- 
guished in the /eree by its immense strength, and by the vatt 
■ixe of its transverse processes.^ 
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Of thote in the back and louui sometimes deviates from the natural 
standard. 

The transverse processes of the vertebrae, which are particnlarly 
conspicuous in such carnivorous animals as have great strength in 
tlieir neck, aflfbrd attachment to the large and powerful muscles by 
which the animal executes those strong and rapid motions of the 
head, which are necessary in attacking its prey, or defending itsel£ 
The badger^ in this country, affords an excellent specimen of the 
structure alluded to. 

The moie and shrew have no spinous processes in the neck. The 
vertebrae form simple rings, with considerable motion on each other. 
These processes are either very short, or altogether deficient in the 
long-necked animals, as the horse, camel, giraffe, &c. They would 
otherwise afford an obstacle to the bending of the neck backwards. 

The six last vertebrae of the neck are anchylosed in the ant'caier 
and mam's. 

§ 84. The number of dorsal vertebrae is determined by that 
of the ribs, which will be spoken of presently. In the long- 
necked quadrupeds, as the horse, giraffe, camel^ and other 
pecora, as well as in those animals whose head is very heavy» 
aa the elephant, the spinous processes of the anterior dorsal 
▼ertebrsB are exceedingly long, for the attachment of the great 
suspensory ligament of the neck (ligamentum nuchcc). 

S S5. The lumbar vertebrae vary much in number. The 
elepiant has only three ; the camel seven. Some quadrumana, 
as the mandrill, have the latter number. The horse has six; 
die ass five. Mules have generally six, but sometimes only 
five. Most quadrupeds have the processes of these vertebrae 
turned forwards ; in the ape, they are in their ordinary posi- 
tion, turned upwards.* The transverse processes are remark- 
ably large in many ruminantia, as also in the hare. 

§ 36. The form and proportions of the sacrum are still 
more various. The number of its vertebrae, as they are called, 
▼aries in the different species of the same genus. Thus, in 
the common bat it consists of four pieces ; in mostt of the 



♦ Galen, in his Osteology, describes the transverse processes as having this di- 
rection ; from which circurosUnce, as well as from his description of the aacntm and 
I, and several other passages, Vesalius shewed that the work was dr^wn up 
the ezaminalion of apes, not of the human snbjecL See his EpUtola rutimitn 
fr a pwa ndi Raditu Chynm dscoeti pirtraetant^ 1546, p. 4P. 
t Vesatiiu X>f C^. Hum, Fabriea, p. 99. 
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nmus it consists of three pieces; in ^e orang-auttMMg of foor ;* 
in the ehimpansif of five. This bone is distingui^ed in the 
hone by large lateral processes at its anterior extremi^; and 
in the mole by a thin sharp-edged plate, formed by the union 
of its spinous processes.^ A somewhat similar structure ia 
found in the armadtUo, in which animal the whole pelvis hag 
a very anomalous formation. As the cetacea have no pelvisi 
they cannot be said to possess a sacrum. 

Moat of the timia, and even lome which very mucb resemble the 
human subject, as tbe orang-ovtang, which Camper dissected, {timia 
pygmaia) have tbe sacrum formed of three pieces, which consequently 
leave only two pairs of openings for the passage of the nerves. Now, 
as Oalen mentions these circumstances of the. human aacrum in his 
work on the bones, it must appear very clearly that the description 
could not have been taken from the human subject, but was probably 
derived, as Vesalius supposed, from tbe ape; although Silviua and 
Eustacbius have endeavoured to invalidate tbia conclusion. See 
Vesal. EptMl. de Had, Chyna ; also his great work, De Corp. Hum. 
Wabriea, p. 90. 

The true orang-outang (ninia mtyitu) has a sacrum composed of 
five pieces. The elephant has also five. See Blair, Oiteogr. Bit- 
pkantina, p. 28. 

S 37. The os coccygis is prolonged, so as to form tbe tait 
of quadrupeds ; and consists, therefore, in many cases, of a 
great number of vertebrs. In the cereopUkeema tnorta there 
are 22 ; in the eercopithecui panucut, SSt ; in tbe two-toed 
ant-eater, 41. When an opossum or monkey loses a portion 
of the tail, (an accident which has often led to confusion in 
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buman coccyx ; and hence Vesaliut has deriVed another argument, 
to ahew that Galen'a Osteology was not drawn from the human 
skeleton. 

The orang'ouiangj like man, has a coccyx composed of five pieces, 
BOCperforated. Tyson's Anat. of a Pigmy 9 p. 09. 

Tooae vertebrae of the tail of mammalia, which are nearest to the 
sacrum, are perforated by a continuation of the canal for the medulla 
spinalis: Tne lower ones are solid. The want of a pelvis renders it 
iiBpopsible for us to decide the number of sacrd and coccygeal verte- 
brie in the cetacea ; but the whole number of pieces in the spine of 
the dolphin and porpoise is 06. 

^ 38. The ossa innominata, together with the sacrum, con- 
stitate the pelvis.* There is ground for affirming, although 
the aasertion may appear paradoxical, that no animal hut man 
has a pelvis ; for in no instance have the bones of this part that 
basoD-like appearance, when united, which belongs to the hu- 
mlui subject. Those apes, which most nearly resemble man, 
have the ossa umominata much elongated; and in the ete- 
phmU, karse, &c. the length of the symphysis pubis detracts 
fiom the resemblance to a bason. In some instances, as in the 
beaver and kangaroo, the ossa pubis are not united by syn- 
chondrosis, but consolidated into one piece by a bony union. 
They, are, on the contrary, separate in the ant^aters, in the 
same manner as they are found in birds. The cavity of the 
pelvis ia so narrow in the mole, that it cannot hold the organs 
of generation and neighbouring viscera, which lie therefore 
externally to the ossa pubis. In the kangaroo^f and other mar^ 
etqpiaH ammab, the superior, or rather the anterior margin 
of the ossa pubis, is furnished with a peculiar pair of small 
bones (omo mammalia, or comua pelvis abdominalia) some- 
what diverging from each other, and running towards the ab- 
domen. They have an elongated and flattened form, and be- 

* B. O. Schregcr, PtlvU Aninu BruUftun cum Humana Ccmparaiio, lipt. 1787. 
410. Autenrieth and Fischer Obtervationes de Pelvi Mammalium, Tobing. 1798, 9. 
Plata of the pelrii of the cow, accurately measured in G. Eberfaard Over lut 
VgHamem dtr Konjen, Amst 1798. 

t E. Home On thM Mods of Gmeratum of the Kangaroo. Philot. Transact. 1795. 

t Daubenton, vol. x. tab. 61. I refer here, and in other places, where a similar 
({•oliisoii occoiB. to the original 4to. editbn of Buffon's work. It cannot, with pro- 
priety, be qvoted under the name of Buffon. since it is well known that the zooto- 
■ical part wis fcniihed bj Daubenton, and has been omitted in most of the subse- 
ipfttA editioiis* 
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long ezchisirely to these aiumals. But in the Philos. Traiiti 
of 180S, it is stated by sir E. Home, that the omithorhynchnt 
has something of this kind. They support the abdominal 
pouch in the female, but are also found in the male ; at least 
ib some species. Cetaceous animals have no hind feet, nor ossa 
innominata, consequently no pelvis j they have, however, a pur 
ofsmaQ bones at the lower part of the belly, which maybe 
compared to the ossa pubis.* 

S 39. The thorax in most, if not all animals, the marmot 
perhaps excepted, of the class mammalia, is narrower, and 
deeper from the spine to the sternum, than in man. The lew 
marked flexure of the ribs of anunals, and the elongation of 
dieir sternum give rise to this peculiarity. The long legged 
amnmls, as the giraffe, and those of the stag kind, possess this 
ke^tike form of the chest {thorax carinatiu) in the most strik- 
ing degree. 

S 40. In a very fc^ mammalia, as some bats and armadil- 
lot, there is a pair of ribs less dian in man ; but in the greator 
nomber of this class there are more. Several gua d r u mana 
have 14 pairs; the iorte, 18; the omithorAymciitu, 17; tfae«j0- 
pAant, 20 ;t the two-toed sloth, {bradypua didiustyhu) SS. The 
two-toed ant-eater {f/nfrmecophaga cUdactyla) has 16 pairst 
which are remarkably broad, so that the back and sides of the 
skeleton, as low as the ossa innominata, appear Kke a coat at 
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nd jointed. This structure occurs even in the quadrumana 
and the bears, whose skeletons, in other respects, resemble the 
human. The form of this bone is the most singukr in the 
mole ;* where its anterior extremity is prolonged into a pro- 
cesBf afanost resembling a ploughshare, lying under the cervi'* 
cal yertebrs, and parallel with them. 

This process may be compared to the keel-like projection of the 
Mmum of birds. It serves for the origin of those strong muscles of 
die anterior extremity, which assist the animal in digging its way un- 
der ground. 

S 49* We proceed to speak of the extremities, as they are 
called^ which, although they vary considerably in the class of 
ihammaBlfiy may, on the whole, be compared to diose of mania 
dbeir chief component parts, and in the mode in which these 
are connected together. 

Some passages of Aristotlef have given rise to the singular 
mistake of supposing that the elbow and knee of quadrupeds 
are bent in a direction exactly opposite to that of the human 
flulgect. The error must have arisen from the shortness of 
die thigh and arm bones, which lie close to die trunk, pardcu« 
larly in long-legged quadrupeds, and do not project freely as 
in man, the quadrumana, the bear, the elephant, &c. Hence 
the different bones of the extremities in these animals have 
been compared to such parts in the human body as do not in 
reafity correspond with them.j: 

We may assert, as a general observation, that the four component 
narti of the a|»er extremity, viz. the shoulder, arm, fore-arm, and 
Lind, can be clearly shown to exist in the anterior extremities of all 
mammalia ; however dissimilar they may appear to each other on a 
Si^erfidal inspection, and however widely they may seem to deviate 
ftmn the human structure. 

* It is kaidly necaittry to remind the readers, that the termi anUrier, potUriar, 
ntfmor, and inftnor, are always applied to quadrupeds with reference to the hori- 
KBtil poBtioD of their body. Consequently the term anterior designates (hose parts, 
«ttch, in die erect pontion of the human body, are sujierior ; and so of the others. 

t ArislOt flist. AfAnu 2. 1 ; and Dtf Ineeua Anim, c. 11, PHn. ii. 103. 

I See on this anbject Fab. ab Aquapend. Ik matu locali Animalium Mcuiuhim 
MUM, in his Oper. Anat. p. 343, Albinus's ed. ; and Barthez Dm Mmwmmu Pro- 
grn^t dt VBmm, in the Jmnninl dm S^matu, Januaiyf 1783, p. 34, of tfie Paris 
4to. 
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WheDerer an animal of one daw resemble* ibose of a difi^mt 
order in the form and use of any part, we may be asiured that tki> 
resemblance is only in externals ; and that il does not affect the num- 
ber and arrangement of the bones. Thus tlie bai has a kind of winga, 
but an attentive examination will prove, that these are really hasoa, 
with the phalanges of the fingers elongated. The dulpkht, perpbue, 
and other eetacea, seem to possess fins, consisting of a lingie pwce. 
But we find, under the integuments of the fin-like members, all the 
bones of an anterior extremity, flattened in their form, and hardly 
suaceptible of any motion on each other. We can recognise Tery 
clearly the scapula, humerua, bones of the fore-arm, and a band oos- 
siatingof five fingers; the same parts, in short, which form the ante- 
rior extremity of other mammalia. See Tyson's Anatomy qf a For- 
poke, Rg. 10 and 11 : also Blasii Anatomia Animalium, tab. 61, fig. 
3.4. 

The fore-feet of the iea-o»n-,<«]/, wahvt, and nuuid/i, form the con- 
necting link between the anterior extremiUes of other mammalia, 
and the pectoral fins of the whale kind. The bones are so covned 
and connected by integuments, as to constitute a part, adapted for the 
purposes of swimming ; but they are much more developed than in 
the latter animals, and have free motion on each other. 

The cold-blooded quadrupeds bear great analogy in the four com- 
ponent parts, and in die general structure of their anterior extremi- 
tiea, to the warm-blooded ones. See Caldesi'i Obiervalimt on tke 
Turtle, tab. 3, fig. 1, 4, 6. 

The bones of the wing of birds have a considerable and nnexpect- 
ed resemblance to those of the fore-feet of the mammalia ; ana dte 
fin-like anterior member of the penguin containi. within the integu- 
ments, the same bones as the wings of other birds. 

S 43. The clavicle haa been said, even by some excellent 
modern zoologists, to be confined to Lintueus'a order primatet 




ON THK SKELETON. OF MAMMALIA. 49 

laerely connected to the muscles,* and called by Vicq d* Azyr 
as churieulare to distinguish it from the more perfect clavicles* 
Thia is the case with most of the /er€e,f and some gUres^ 
Lostlyi the form and relative magnitude of the true articulated 
datides are subject to great variety. They are excessively 
long in the io/. Those of the orang'OutaHg have the great* 
eat resemblance to the human subject. In the two-toed ant' 
eaier their form is that of a rib : their figure is most anomalous 
in the moIefX where they are nearly cubical. They are entirely, 
wanting in the long-legged quadrupeds with keel-shaped chest; 
via. thejpMora and soUdungula; as well as in the cetacea. 

The chvide supports the anterior extremitVf and maintains the 
shoulder at its proper distance from the fVont of the trunk. It existst 
iherelbrey in all sucn animals as make much use of these members, wfae* 
ther fin: the purpose of dimbin^, digging, swimming, or flying. It 
does not exist, on the contrary, m such as use their fore- feet merely for 
the pupose of progression ; since these limbs must be brought more 
fimnurd on the chest, that they may support that part, by being 
Placed perpendicularly under it. In the genera, which hold an inter- 
mediate rank between these, which do not possess so much power in 
thefbre-feet as the first division of animals, and are not so limited in > 
their employment as the second, the clavicular bones, or imperfect cla* 
vicles, ezistf 

V 44. The scapula exists in all red-blooded animals, which 
have anterior extremities, or similar organs of motion : conse* 
quently in both classes of warm-blooded animals without ex- 
ception. The form of this bone varies much even in mamma- 
lia ; and particularly the relation which its three sides bear to 
each odier. This depends on the position of the bone, which 
is' determined by the general form of the chest. The margin, 
which is turned towards the spine, is the shortest in most of 
the proper quadrupeds, particularly the long-legged ones with 
narrow chest ; in which the scapulae lie on the sides of the 
chest. In some, as the elephant, the chiropterai most of the 



i, Serae comparet it to the sesamoid bones. See his Ojnisr, dM Phynea 
Afpmmta. Naples, 1766, 4to. p. 84. 
t PaDas SpieiUgia Zoobgiea, fascic. 14, p. 41. 

I On this point, and the whole subject of the osteology of the mole, see Jacob's 
Amamne Uipm Euivp§a. Jen. 1816. 

E 
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ifmmirmmamtt, and — pecJally in nun, this mar^ is tbe longetk 
Tbe scapula of the mole* hu a completely anonudoiu figara, 
almoet reaemUing a. cylindrical bone. The coracoid procese 
and aeromioD, the two chief projections of this bone, are strong, 
at in such animals as have two long clavicles ; which night 
haTc been inferred i priori. 

S 45. Tbe remarkable varieties of the anterior eztremidet, 
pn^erly so cBlled,may be most conveniently considered accord- 
ing to the orders and genera of animals of this class. The bat 
and the mioie present the widest deviations from tbe ordinary 
formation of ^ese parts. The radius is deficient in the foic> 
arm of tbe former ; or at most there is only a slender sharp- 
pomted rudiment^ of this bone ; th^r thumb is short, and fiir- 
niahed with a hook-like naO ; the phalanges of the four fingen, 
between which the membrane of the wing is expanded, are aa 
^ contrary extieinely long and thin, almost like the Bjunes of 
a fish, and hare no n^4 The^ytn^ aqtdrrel has a peculiar 
aharp-potnted bone at the outer edge of its carpus, connected 
to that part by means of two small round bones, which eo^ 
hies it to spring from great heights. The form of the oa hu* 
meri in the mole is altogether unparalleled ; it is thin in the 
middle, and surpriungly expanded at either extremity. The 
ahoTel-Uke paw td this animal is provided with a peculiar ,^i/- 
cj/bns bone, lying at the end of the radius. The {rfialangei of 
the fingers are funuahed with numerous processes, and have 
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parti oinmst of four cylindrical bones. In the ieal the 
huge bones of the anterior extremities are not cyfindrical, bui 
flattened ; by which structure they serve better the purpose 
of rodders. In the pecora, before birth, there are two lying 
doae together ; but they are afterwards formed into one by 
the absorption of the septum.* The horse has a single bone 
(gamba, Vegetius ; in French, le canon ; in English, the con- 
nam bone, or ekank bone), with a pair of much shorter and im- 
noreable ones, attached to its posterior and lateral parts, and 
fimdy united to it, {lespoinfons or os epineux, styloid or $plmU 
homes). The main bone only is articulated to the pcutern, 
which may be compared to the first phalanx of the human 
Anger; as the cqffin bone resembles in some degree the third 
phalanx, which supports the nail.f This last phalanx is very 
various in its Ibm, according to corresponding variations in 
its homy coverings^ which may consist of a flat nail or daw^ 
or hoof, &e. 

The humerus becomes shorter, in proportion as the metacarpus is 
elongated ; so that in animals which have what is called a cannon 
bttie, the OS humeri hardly extends beyond the trunk. Hence the 
mistakes, which are made m common language, by calling the carfut 
td the horse his fore- knee, &c. 

The radius forms the chief bone of the fore-arm in the mammalia, 
gKDeraUy speaking; the ulna is a small slender bone, terminating 
2iort ofthe wrist in a point, and often consolidated with the radius, 
as in the howK and laminating animals. A few genera, which have 
gireat and free use of their anterior extremity, have tlie power of pro- 
narioD and supination. But this power diminishes* as the fore-feet 
are used more fmr the purpose of supporting the body in standinff^ 
and in progression. In this case, indeed, the extremity may be said 
fo be constantly in the prone position, as the back of the carpus and 
toes is tamed forwards. 

The lower end of the ulna is larger than that of the radius in 
the elephant ; but this circumstance occurs in no other instance. 

The radius and ulna exist in the seal^ manati^ and whales^ but in a 
flattened form. 

— ■- - - - "' ', 1 ■ 

* J. B. Covolo JU Mstamorphcn duonm Oaium Pedis in QusdrupedUmi aUipui* 
BmmL 1765, 4to. ; and Fougeroax in the M£m. de PAead. di$ Sc. 1773, p« 630. 

t The •ff^t oC bad ihooBg in diifigwing the natnral texture of the hoof of the 
bone, and the atructnre of the hoof itaelf, are well explained by Bracy Churke in 
hi« SiHm tf original Etperimnts (m the F^ of tht IMng Hone, Lond. 1809. 

E 2 
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Several genen of mmmialia ponen ft hand; but it W 'much kn 
complete, uul consequently leas lueful than that of the human aub- 
ject, which well deserves the name bestowed on it by Aristotle, of the 
of^H qf alt organs. The great auperiority of that moat perfect in- 
Birninent, the human hand, arises from the siie and strength of the 
thnmb, which can be brought into a state of opposition to the fing«n^ 
and ia hence of the greatest use in grasping spherical bodies, in ttlfo 
ing up any object in the hand, in giving us a firm hold on whatever 
we aeise ; in short, in a thousand offices, whrch occur every moment 
of our lives, and which either could not be accomplished stall, if the 
thumb were absent, or woutd require the concurrence of both hands, 
instead of being done by one only. Hence it has been justly de- 
scribed by AibinuB as a second hand " maniu parva mnjon adjuirix," 
De SceUto, p. 465. 

All the timia possess hands : but even in those, which may be moat 
jusily ityled anthropomorphotit, the thumb is small, ahort, and weak ; 
and the other fingers elongated and slender. In others, as some of 
the cereofHihtci, there is no thumb, or at least it is concealed under 
the iniegumenta ; but these animals have a kind of fore-paw, which 
ii of aome use in seising and carrying their food to the mouth, ia 
climbing, &c. like that of the tiptiTTtL The gemis Umvr has also > 
separate thumb. Other animals, which have fingers sufBciendy long 
and moveable for seizing and graaping objects, are obligedr by tho 
Want of a separate thumb, to bold them by meana of the two fim- 
paws; aa the nquirrel, rat, npottum, &c. Tliose, which are moreover 
obliged to rest their body on the fore-feet, as the d<^ and cM, can 
only hold objects by fixing them between the paw and the ground. 
Lastly, such aa have the fingers united by the integtiinenta, or en- 
dosed in hoofs, lose all power of prehension. 

Thetimiit in general have nine bones in the carpoa. Stolani A»- 
ihvpo^rapliia and O'Hcolog. p. 008. Paris, 1626 ; but there are only 
eight in the ornnir-oulang, according to Tyson. There are five car- 
pal bonea in tlie fin of the whale, of a flattened form, and hexagonal. 
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to the ioemcirpm» there will be three to a single toe. Daubenton con- 
siden the common bone of this animal as supplying the place of the 
three metacaqial bones of man ; he compares the outer splint bone to 
, the metacarpal bone of the little finger, and the inner to that of the 
dmmb. Stubbs views the cannon as the metacarpal of the middle 
and ring fingers; and the inner-splint as that of the fore-fingar. 
BnflSm, Hisi, NaiureUe, 4to. ed. p. 302, vol. iv. Stubbs's Anaiomy qf 
ike Hone. 

The ain^ finger or fore-toe of the horse is composed of the usual 
diree phalanges ; the first, which is articulated to die cannon, is call- 
ed the pattern ; the 2nd is the coronet ; and the 3rd, the 09 bam or 
os^ borne : on which the hoof rests. There are also two sesamoid 
boiiea at the back of the pastern joint ; and an additional part, called 
the MkMttle'baae, connected to the coffin. 

In those animals which have five toes, as the camwora^ &c., that 
which lies 00 the radial side of the extremity, and is therefore analo- 
gous to the thumb, is parallel with the others ; and the animal conse- 
quently has not the power of gprasping any object. The last phalanx 
is these ntpports the nail of the animal ; and sends a process into its 
cavity. Tnese parts are so connected that the nail is naturally turn- 
ed npwarday and not towards the ground ; so that its point is not in- 
jwred in the motions of the aniraal. The phalanx must be bent in 
order to point the nail forwards or downwards. 

The Older o€rodeiUid have generally five toes ; that which corres* 
* to the thumb being the shortest. 

The elipknt has B,ve complete toes ; but they are almost concealed 
bj the thick akin. 

The pig has four toes ; two larger ones, which touch the ground ; 
and two amaller behind these, which do not reach so far. There is 
also a booe» which seems to be the rudiment of a thumb. 

The phalanges of the cetacea are flattened, not moveable, and join* 
ed together in the fin. 

^ 46. I have something to say respecting the posterior ex- 
tremities^ The femur of most quadrupeds is much shorter 
than the tibia, and hence it hardly projects from the abdomen. 
In some few, as the bear^ the femur is longer ; this is ako the 
eaae in some apes^ viz. the orang-outangs in which, as in se- 
veral other apes and baboons, the bones of the arm and fore- 
arm are surprisingly longer than those of the thigh and leg. 
Scfpie, as the elephant^ have no ligamentum teres; conse- 
quentiy there is no impression made on the head of the thigh- 
bone, while it is found in others, as the rhinoceros. The js^e- 
com want jthe fibula almost universally. The peculiar form of 
the asiragahtif (fabts) in the same order is generally known 
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iam dKaw vbieli the mt i nito * Made of the bone m their 
ceMrattd gune. In some qnadramuyi, u the oraxg-Mrfo^g^ 
the two posterior phalanges of their toes are reiaaikahly_ 
caned IB ifaeir shape ; a stmctuie vhich eaaUes then to baU 
the Wasches of trees more fimly, and ia in the lame degns 
anfrmmable to the action of progressioa in an erect p™**'^! 
Cetaceous an'r"'* have no bones in tbeir tail fin^ bat they 
have a bony compagea in tbeir thoracic fins, wbich conpletdj 
fca^dies die finmt extremities of the seaL This is aho the 
caw with the manati, whose front extreaudei woe foraeriy 
token fac Siieni' hands.'f 

TW hagilt of the fonui depeods on that of tlie iiililsiw ; md it 
b^n m. iBTBie ratio to the length of that puL 

~ J ibon in the kum, raw, &e. where the wnii mi^ 

litted in aanuog the pan^ win the anterior 

TbcimpstioaaofAe thigh anal legvarj indiKmSanmala. Tla 
bnv pan exceeds the fonser in the human inbjcct ; and the Hae 
ranark naj Inf made nspcaing the ano and faae-am. Tbne pvta 
an ncarh ot che ame length m the s 
hare a£ns>ed ;~a; ih^ n«gn> f 
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e nivfKs. the leg is gmcrallf laager than the ihigh. 
The f«TiiiiT ot' ibe mammaUa is not arched sa in the hnman sn^set : 

t pnssrii I Karcdj anr aech ; and the great t r o chant er aarendi be- 

nnd th« he^l of the booc. 
The fibula i* behind the tibia in nuoy animals, as the dof and the 
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a part capable of beinff opposed to the other toes. Hence these ani- 
mals can neither be cidlea Inpjsdf nor quadruped^ but are really quad- 
nmumouM or four-handed. They are not destined to go on either two 
or fimr extremities, but to live in trees, since their four prehensile 
members enable them to dimb with the greatest &cility ; so that Cu- 
¥ier has denominated them '' lesgrimpeurs par excellence," (Lemons 
d'AnaL comp. voL i. p. 4M.) The prehensile tail of several species 
is a further assistance in this way of life. The opossum, and others of 
the genus didelphis, have a similar structure with the quadrumana ; 
and It answers the sante purpose. Here however there is a separate 
thmoEib on the posterior extremity only, whence Cuvier calls them pe^ 



liaft m die only animal, in which the whole surface of the feol 
rests on the ground ; and this circumstance arises from the erect sta* 
tinre whi<£ belongs excldsively to him. In the ctuadrumdna, in th^ 
bear^ hedgehogs ind Arew, (which are called by Cuvier pkmiigrddei^ 
tlie OS csuns does n6t todch the grounds 

The heel of a species of bear beloaging to this country, viz. the 
imketf (unuM meles) is covered with a long fur, which poves that this 
putt cannot rest on the ground ; although the structure both of the 
bones and muscles of the lower extremity of this anim^, approaches 
eeneideiabiy to that of man. The same fact is stated of the bear it- 
wdtf properly so called, in the Description anaiomique d^un Cam4leon, 
fm Caidt, i^th Ours, &c. Paris, 16G9, 4to. ; the plate is contdned 
fbrtrkMHnfuGuUMioni tab. 92. 

■M MlMf animab the body is supported upon the phalanges of the 
toesi as in the di^ and cat ; in the horse and ruminating animuls no 
part tooches die ground but the lest phalanx. Hefe the elong^tidn 
of Ae meCmSrsBS removes die os oaieis to swih a distance from ditf 
me^ tint il is placed midway between the trunk and hoof. 



CHAPTER III. 



ON THE SKELETON OF BIBDS. 

% 47. The skeleton* of birds has conuderable uiufbnnit; in 
the whole class ; aod it exhibits, when compned with the tk- 
riously formed skeletons of mammalia, a very great and unex- 
pected similarity to that of the human subjecLf 

^ 4^. The skull of birds is distinguished by this peculiarity, 
that the proper bones of the cramum,t at least in the adult 
animal, are not joined by sutures, but are consolidated as it 
were into a single piece. 

A peculiarity, which seems to be confined to the comoranU, 
must be here mentioned. There is a small sabre-shaped bone 
at the back of its vertex, which is supposed to serve as a lent 
in throwing back the head, when the animal toases the fishes, 
which it has taken, into the air, and catches them in its opea 
iqouth. But the same motion is performed by some other 
piscivorous birds, who are unprovided -with tlui paiticular 
boae.^ 

Birds have, without exception, only a single condyle, placed 
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square figure, (caDed by the French os earriy* by which the 
lower jaw is articuUtted with the cranium on both sides, in the 
neighbourhood of the ear. 

The ossa unguis are common to birds with mammalia, but 
appear to be more general in the former than in the latter : 
they are of considerable size, and must be distinguished from 
the superciliaryt bones which probably belong to the occi- 
piires, or predacious birds, only. 

* 

The cranial bones of birds form, as might be expected, a link 
b e t we en those of the amphibia and the mammalia. The number 
ef -the separate bones on the sides and the base of the cranium is 
greater in birds than in the mammalia. The principal difierence be- 
tween the head of birds and that of man and other mammalia is, that 
the cranial bones of the former are less developed, wherieas, on the 
cootrazy, they are more completely separated and fully developed in 
the latter. Hence all tlie bones of the skuU in birds unite m one 
pieoe, and lose their individuality. The large bones of the face and 
of the beak project forward under the small skull. This enlargement 
of the &Ge is cnected by several bones, which in man and mamma* 
lia only exist on parts of the cranial bones ; for instance, the lesser 
alse of the sphenoid bones in birds are separated from the skull, and 
become fiidal or hefk bones. 

The single condyle placed at the anterior margin of the great oc- 
cipital foramen, gives the head a great freedom of motion, particu- 
lairly in the horizontal direction. It enables the bird to place its bill 
between the wings, when asleep ; a situation, in which none of the 
mammalia can bring the snout. 

The 09 quadraium has a true articulation both with the lower man- 
dible and with the cranium. Another small bone is connected to it, 
and rests by its opposite end against the palate. Hence, when the 
square bone is brouffht forwards, which it is by the depression of the 
lower mandible, ana in a greater degree by some particular muscles, 
the second bone presses against the palate, so as to elevate the upper 
jaw. 

S 49. The jaws are wholly destitute of teeth, j: The supe- 
rior maxilla, which is completely immoveable in manunalia, 

* Herinant has given it this name in the Mhn, dU VAead. dm Se. 1748. But 
Goiter has pointed it out in the work before quoted. 

f See Merrem's Otn^rviduna relating to Zoology, p. 120. 

t lo the upper jaw of some birds, modem zootomists have detected a rudiment of 
the maxillary bone. See Fischer's Monogn^, p. 115 ; and GeoS, St Uilaire, in the 
Animlet du Mutnm, torn. z. p. 347. 
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has, with a few exceptions, more or lou molioii in birds.* It 
either constitutes a particular bone, distinct from the rest Af 
the cranium, to which it is articulated, as in the priftaeii^ 
(birds of the parrot kind) ; or it is connected into one piece 
with the cranium, by means of yielding and elastic bony platei; 
as 11 the case with birds in generaL It is quite immoveable is 
very few instances ; as in the fkiHoeero» bird (at least m thai 
whicli I possess in my collection). 

Respecting the question which has been recently agitated, 
whether in the flamingo the upper jaw only is moTeable* 
and on the contrary the lower one perfectly immoraable ; I 
can state that in the skull of this bird which I hate now be- 
fore me, this is in no way the case4 

The bill of birdi may be considered, in some degree, as supDlyhig 
the ^ce of teeth. It consiats of a homy fibrous matter, similar to 
that of the nail, or of proper homi; and is moalded to the shape of 
the bones, which constitute the two mandibles, being formed by a soft 
Tsacalar sabatanee, covering theve bones. Its fenn and ■tmcture ar# 
as intimately connected with the habits and general character of tbe 
animal, as those of the (eeth are in the mammdia. 

The bill is of eztraordinary hardness in birds which tear their prey, 
as in Mgla, or hi those which have to braise bard ftnttt, as parfoit, 
of in tbue which penetrate the bark of trees, as the tvoM^relef', mtf- 
AafcA, &c. 

This hardness is gradoslly diminished in these whidt take less sO>- 
lid nourishment, or which swallow their food whole ; and thebffi be 
comes a portien of nearly soft sktB in thoae Vrldch reqntra' a seme of 
feeKnff in the part tv enuMe them to obtain their ftiod in mtid; <tr 
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but the general fonti prddaces infinite Yariety in the application of 



A bill hooked at the end with sharp edges characterises birds of 
prey, whether those which prey on the smaller birds and quadruped^ 
or those which prey on fishes, as the albairom, the petrei, &e. The 
fbmer have a shorter beak, and proportionally greater strength. A 
tootfa-Kke process on each side adds greatly to the strength of such a 
InU; bence the birds which are provided with these processes are 
eonaidercd nore noble and ooarageous than the birds of prey which 
want Aem. Tlie shrike, which possesses them, scarcely yields in cou<* 
rage to the ooramon birds of prey, notwithstanding its snMdl size, and 
the weakness of its wings and feet. When the hm>ked bill tapers to« 
Wttrda the end, it approximates to the kniie-shaped bill, which is pe-' 
onlias to senii'predacioua birds, birds of carrion, crow$^ fie$^ &^ 
The knife-shaped bill indicates a character similar to that of aquatie 
birds* sueh as the grebe^ gull, &c 

Another apecies of strong sharp-edged bill, of an elongated shnie, 
but without a hook, serves to cut and break, but not to tear. Tnis 
ia the lovm of the bill in birds which hye upon animab whidi make 
resialanee in the water, as reptiles, fishes, &c. Some of these bilk are 
quite straight, as in the keron^ the tiork ; some are curved tow^srds 
ue bottom, aa in the imdalvd^ or towards the top, as in thejabiru* 

Some sharp-edged bills have their sides approximating, like Aa 
Uade of a kmfe to its handle, and can only serve to seise small sub- 
slnnoes ; of this descriptbn is the bill of the penguv^ the pwjfin (where 
ii baa the further peculiarity of being as deep as it is k>ng) and the 
cuMoalrr, in whicnanothcr singular circumstance is observed, namely, 
tkat the upper mandible is shorter than the lower, so that the bird can 
onl^ aaiaesubatanoes by pushing them before it, as it skims along the 
watev. Lastly, there are some sharp-edged bills, which are flattened 
bonaonfeatty t they serve to seise fishes, reptiles, and other large ob» 
jeOlB. The ieoMt// has a bill of this description, which is also fiir- 
niahed with tsoth-like processes. Some fy-catehen and gpem todies 
hnvn a smnlar structure on a minute scale. 

€tf the biUs, of whidi the edces are not cutting, some are flattened 
borisontally. When they are long and strong, they serve for swal- 
Yornm^ prey of large dimensions, but which makes little resistance. 
When tney are long and weak, as in the spoan^bW, in which the flist- 
tsned exsremity of this part gives the name to the bird, they serve 
enlv tot imbibe small objects in the mud or water. 

The bills of dwcks, which are in some degree flattened, the more 
conical ones of geese and swans, and that of the flamingo, of whidi 
die umper mandible crosses the lower, have all transverse laminae 
ranged along their edges, which, when the bird has seized any 
thing in the water, give passage to the superfluous fluid. Thus all 
tiiesebints are aquatic. In the goosanders, which in other respects 
pMV^kn very much of the nature of ducks, these lamina? become 
snuJL conical^ tooth-like processes, which, are well adapted for holdr 
ing £Ui| of which the goosanders destroy great numbers. Wholly 
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diSereat from tbcse are the long, thm, nft bills, pecolisr to birds 
which derive their food from unimala in mod or aUgmuit witcra. 
They are straight in the tnipe, hooked towards the end in the curitu, 
and towards the top in the aoocate. 
', ' llie bills of the tOHca» and the calaa are remarkable for tbeir 
cxtraorditmiy siie, which is sometimea equal to that of the whole 
bird. The osseous substance of these bills is of an extremdy liriit 
cellular texture, without which thc^ would be incapable of maintam- 
ing an equilibrium in thdr flight. The horn which covers them is 
so fine as to become irregularly indented on its edges, by the use 
which the bird makes of it. In addition to their enormous bills, tbe 
calaoi have prominences upon them of the same substaitce, and of 
various forms, tbe use of which is not known. Tbe ealao rhmaceroi 
is the most remarkable in this respect, as it appears to have two 
enormous bills, one ova the other. 

The wood-peckeTi have a long, strong, piismatic bill, compressed 
at the end, which enables them to penetrate the bark of trees. That 
of the king-fisher is nearly similar ; but being much longer in pro- 
portion to the size of tbe bird, it cannot serve the same pui^toses ; 
besides, the tongue, which is of great importance in determimng the 
use of die bill, is altogether different. 

The short, conical, arched bill of the gatUna serves only to take vp 
grain and similar substances, which thev swallow so quickly that 
small pebbles are frequently united witli their food. Th«e birds, in 
an unconfined state, feed on insects as well as grain; indeed tbs 
young ones, in many species, live for some time exclusively on insects. 

Tbe bills of the smaller birds (panerei) present all the varieties of 
tbe conical form, from the broad-based cone of the timq/meh to the 
thread-like cone of the kuanamg-inrd. Such of tbem as have ■ 
short strong bill live on grain; those with a k>n^, thin biU, on 

: .. ««,ere this weak bill is short, flat, opesung very ante- 

vxarlint and ticaUowi, the bird seises flies and butterflies 
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b the skull of the crested hens : in these the frontal portion 
of the cranium is dilated into an immense cavity, on which the 
crest of feathers is placed. This degeneracy of the formative 
unpulse, which is propagated to the offspring, is quite unpa- 
ralleled in the whole animal kingdom.* I have lately examined 
several heads of such hens in a fresh state, and have found 
that' this peculiar dilatation of the cranium is filled by the 
henuspheres of the cerebrum ; and it is separated from the 
posterior part which holds the cerebellum, as in the common 
hen, by an intermediate contracted portion. 

S 51. One of the peculiar characteristic differences of the 
cranium of birds when compared to each other,f consists in 
the mode of separation of the orbits, which are of great size 
n the whole class. In some they are separated by a mem 
faranoos partition only ; in others by a more or less complete' 
bony septum. The relation which the nasal and palatine 
openings bear to the upper jaw varies much, even in the difie- 
fent species of the same genus. They are small in the stork,, 
and on the contrary, so large in the crane, that the longest 
pottimi of the jaw appears to consist merely of three thin por- 
tions of bone> placed far apart from each other, and converging 
Cowards the point of the bill. 

^ 5S. The want of motion in the back of birds, (their dorsal 
vertebrae have the spinous, and even the transverse processes, 
often anchylosed) is compensated by a larger number, and 
greater mobility of the cervical vertebrse ; of which, to quote 
a few instances, the raoen has 12, the cock 13, the ostrich 18, 
the stark 19, and the swan 23. 

S 53* The tnmk of birds has fewer cartilaginous parts than 
the corresponding division of the skeleton in mammalia. That 
part of the spine which belongs to the trunk is short and 
rigid, and has no true lumbar vertebrae. Neither has any 
bird an os coccygis prolonged into a true jointed tail. In the 
gallMis ecaudaius, in which the rump has been lost by de- 
generation, there is nothing more to be seen of the coccyx 
than an unshapely knotty process. 



* See Pallas, faic. 4, Act. Aead. PttropoUu 1780, part 2, p. 97. 
t See J. T. Klciii, Stemmata Avium. lips. 1759, 4to. 
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Hm Dumber of eervipd Tertefane in birds wiei from ten to 
twentj-three ; those of the back from seven to eleven. From iience 
to the tail they are consolidated into one piece with the os intumii- 
nstum. The tail has from seven to nine pieces. 

The length of the neck increases generally in proportion to thu of 
the legs ; but in aquatic birds ia a much greater proportion naoe 
tbey bRve to seek their food below the surface of the water on wbid 
diev swim. 

The cervical vertebrse are not articidated by plane suriaces, bnt by 
cylindrical eminences, which admit a more extensive motion, aa tbey 
constitute real joints, instead of synchondroses. Four or five of toe 
upper pieces only bend forwards, while the lower ones are confined 
to flexion backwards. Hence the neck of a bird acijuires that doui 
ble bend, which makes it resemble the letter S. It is by renderfaw 
the two curvatures more convex, or more straiffht, that the neck u 
shortened or elongated . The great mobility of the neck enables birds 
to touch every point of their own body with the bill, and thus ti> 
supply the want of the prehensile faculty of the superior extremity. 
The mlat baa the form of a small ring, which uticulate* with the 
beftd by only one surface. In proportion to the mobility of the neck 
of birds is the fixed state of the dorsal vertebrs, which are connected 
O^Mher by strong ligaments. The greater part of their sjHiioua 
pnceKoa are consolidated into a single piece, which runs like a ridge 
along the whole back. The transverse processes terminate in two 
points, one directed anteriorly, the other posteriorly; they meet 
those of the two other classes of vertebrae, sometimes ancbyloaii^ 
with them, as the spinous processes do with eadi other. This struc- 
ture is necessary to give steadiness to the trunk in the violent 
motions required by the action of flying. Accordingly birds which 
do not fly, as the ostrich and the eatwwary, have a moveable sfHnal 
colanin. 

The vertebrse of the tail are most numerous in those birds which 
move it with the greatest force, as the ainspie and ihe swallou', Tlie; 
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irngfin md Iweaddi of the pdvit vary in diflbiesi cluiiwi of birds ; i| 
is broadest tnd most developed posteriorly in the g^inaceous birds, 
whidi seldom 0y and generally go erect. The pelvis is small ana 
short io birds of prey ; that of the pasteres^ pici, and levk»9$tre$ holds 
a middle place between the pelves of the galUnaetomi kird* and the 
birds qf pr^. In the anseres, {swimming birds) the pelvis is very 
■nidi dongated. k is particularly small and laterally compressed in 
some of the grmilm^ so that the ossa innominata and sacrum IbrmH 
kind of keel. In the osirich and cMssawary the pelvis is closed anto- 
~ % and resembles that of msmraalia. 



S 58. Birds havo fewer ribs than mammalia ; the rramber, I 
h^vey never exceeds ten p»rs. The false ribs, i. e. those 
wlucb do not reach to the sternumi are directed forward ; the 
true ones are joined to the margin of the sternum by means 
of smaD intermediate bones. The middle pairs are distin- 
guisbod by a peculiar flat process, which is directed upwards 
nd backwards. 

S 56. The sternum of these animals is prolonged below into 
a vertieal process, (crista) for the attachment of the strong 
pectoral musdas. In the male wild swan (anas cpgnus) and 
m tome species of the genus ardea, as the crane, this part 
fbrms a peculiar cavity for the reception of a considerable por* 
tion of the trachea. The crista is entirely wanting in the 
osiricA and cassowary ; where the sternum presents a plane 
and lUiUbruJ y arched surface. This peculiarity of structure 
is accounted for by observing, that these birds have not the 
power of flying. The wings, which are very small, assist in 
bahncing the body as they run. 

S SI. The wings are connected to the trunk by means of 
dnee remarkable bones.* The clavicles, which are always 
strong, constitute straight cylindrical bones. Their anterior 
extremities aie connected to the sternum by means of a bone 
peculiar to Mrds ; viz. the fork-like bone, or, as it is more 
eommonly termed, the merry thought. (Furcula, or osjugale, 
m Latin, la htnette, or fourchette, in French.) The o^^rteA 



• For an aoooant of tereral differences in their itructure, see Vicq d'Aryr in hit 
MUmoirm pawr mrh a VAnattrniitda (Hteaux, in the MSm, de VAcaH. des Sc. 1772, p. 
015. 
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and eoMntBOn/ bare indeed no wefantejiiremtai bat on either 

tide of the front of the chest an elongated flat bone, coosist 
ing of a rudiment of the Jitrciila, with the clavicle and T^puli 
consolidated into one piece.* 

The point of the frnk-like bone it joined to the moat promineM 
of the ked of the nernam ; and the extreniitica of ita two 
;hci are tied to the hamenl end of the claviclet and the trtrnt 
of the scapuls, iutt where these bones join each other, and are 
articulated with tite hninenu. Hence it Mrres to keep the wings 
apart in the rapid motiDiu of flying. " A* a general obaerratioD it 
ntaj be stated, that the fork is strong and elastic, and its brandwa 
wide, arched, and carried forwards upon the body, in proportion al 
the bird possesses strength and rapidity of flight ; and accordingly 
the unakitmt birdt, (oirieh and £01*0100731) woich are inc^Mble of 
this mode of progression, have the fork rery imperfectly foimed. 
The two branches are very Bhort, and nerer united in Uie ji/h'can 
ottrie/t, bat are anchylosed with the scapula and claTicle. The eauo- 
vmry has merely two little processes from the side of the clavicle^ 
tdiich are the rudiments of the branches of the fork. In the New 
UoltoHd <Mtrich there are two very small thin bones, which are at- 
ladied to the anterior edge of the dorral end of die davides bjr 
ligament ; they are directed upwards towards the neck, where they 
an bstened to each other by means of a ligament, and have no coi^ 
nexion whaterer with the sternum." 

Macartney, in Reei's Ofctopadia. Article Birds, Anatomy of. 

§ 58. The bones of the wing may be compared on the whole 
to those of the upper extremity in man, or the quadntmama.f 
tnd consist generally of an os humeri ; two bones of the fore- 
arm; two of the carpus; two, which are generally consolidated 
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at .die elbow, and the bone of the thumb is entirely want- 
ing* 

§ 59. The bony structure of the lower extremities is more 
nmple in birds than in mammalia. In general it comprehends 
only the following bones, viz. the femur, the tibia, (to which, 
in some instances, is added a smaU, thin, closely adhering 
pointed fibula), one metatarsal bone, and the toes. On the 
metatarsal bone of the domestic cock and other birds of the 
gaHinaceoua tribe, the spur is situated, a process covered with 
horn, between which and the genital organs a peculiar sym- 
pathy is supposed to exist.*^ The place of the patella is sup- 
plied^ in many cases, by a process of the tibia. As birds have 
neither a true fibula, nor tarsus, their tibia is immediately ar- 
ticulated with the metatarsus. There is, in most of this class, 
a pecoliar progressive increase in the number of phalanges of 
the toes : the great toe has two ; the next, three ; the middle 
one, four ; and the outer one, five.f The psittaci have, how- 
eTer, a peculiar cro8s->bone belonging to the great toe; at 
least I haTe found it in several skeletons of psitiaai in my 
collection. That in the psittacus eriihacus resembles a short 
cylindrical bone ; in the psittacus leucocepkalus its formatioa 
IS rounder* 



certainly have a fibula, contrary to the general assertion of 
the author; but it is small, and soon anchylosed to the tibia. 

The lower aid of the bone, which answers to the tarsus and meta- 
tarsus, forms as many processes as there are toes ; and eacli of these 
has a pulley for articulation with its corresponding toe. 

The vast length of the leg in the wading birds, {gralla) the ostrich 
and caJsouMiry, is produced by the tibia, and common bone of the 
tarsus and metatarsus ; for the femur is comparatively short. 

The tiork^ and some others of the (rratlas, which sleep standing 
on one foot, possess a curious mechanism for preserving the leg in a 
state of extension, without any, or, at least, with little muscular 
eflbrt. There arises from the fore-part of the head of the met^itarsal 
bone a round eminence, which passes up between the projections of 



• See Oftiaiider, in Beckman's Beiftrag§ zur Oeschichte der Erfindungen, vol. ▼. s, 

AOtk 

^ Several excellent remarks on this, as well as other parU of the osteology of this 
dtM, may be found in Profeisor Schneider's instructive work. Commentary ad reliqwk 
IMromm Frwd^riei 2ndi JmperatcrU, p* 30. 
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the pulle^i on the dnteriot part of the end of the tibia- Thia emi* 
nence a&ords a aufficient degree of resistance to the flexion of the ]eg, 
to coimtetact the effect of the oscillations of the body, and would 
prove an insurmountable ohstruction to the motion of the join% if 
there were not a socket within the upper part of the pulley of the 
tibia, to receive it when the leg is in the bent position. The lower 
edge of the socket is prominent and sharp, and presents a sort of 
barrier to the admission of the eminence, that requires a volnntatr 
tnuscular exertion of the bird to overcome, which being accompliabe^ 
it alipB in with some force, like the end of a dislocated bone. 
Macartney, toeo citato. 
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CHAPTER IV. 

ON THE SKELETON OF AMPHIBIA. 

% 00. The general form of the body, and consequently the 
structure of the skeleton, varies so much, in the first place^ in 
die two orders of this class, viz. the four-Jhoted amphibia and 
the serpenis; and, secondly, in the three leading classes of 
the first order, namely, the tesiudines, the frogs, and the 
Utiardi; that it will be best to arrange our observations on this 
flolgect according to the natural divisions of the orders and 



1 6L The testudines, (turtles and tortoises) whose whole 
skeleton,^ and indeed whose whole body has a very peculiar 
structure, are entirely toothless ; they have, however, a kind 
of OS intermaxiHare in the upper jaw. The horny covering of 
the jaws, particularly the upper one, has some resemblance to 
the horse's hoof, in the mode of its connexion with the jaw. 
The cavity, containing the brain, is extremely small, in com- 
parison with the size of the skull; the greatest part of which, 
in the turtle, is occupied by the large lateral fossse, holding 
the eye and fhe powerful muscles that move the lower jaw.f 

^This drcumstance is still more remarkable in the crocodile. The 
craohim of an individual, measuring thirteen or fourteen feet, will 
hardlv admit the thumb ; and the area of its section does not consti- 
tute me twentieth part of that of the whole head. 

The chameleon affords another instance of the same structure : its 
according to the description of the Parisian dissectors, does 



* CSood representationi of the whole skeleton may be found in Goiter, Cbeselden, 
•nd ptrticularly in J. D. Meyer*i PaiKmei, voith C&ntideratumt qf curioui R^jfntentom 
tiMU of all kmdt qf Animals, &c. voL i. p. 29, vol. ii. p. 62. The indiTidnal parts 
are rq^reiented in Giov. Caldesi't Anatomical Obiervationt relating to Turtles, Florence, 
1687, 4to. ^ 

t A masterly delineation and description of the skull of the testudo is gi?en by 
Dr. Ulrich in his work before quoted. 

F 2 
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§ 67. The bones of the fdre-arm and of the leg have a 
peculiarity of stcucture, in these animals^ which deserves no- 
tice. These, bones consist of a single piece, which is solid 
in the middle, without any medullary cavity, but divided at 
rither extremity into two conical portions, having manifest 
medullary cavities.* 

§ 68. Among the amphibia of the class of lizards, the cro- 
eodilef may be taken as an example,^ on account of many 
remarkable peculiarities in its structure. In no other animal 
are the jaws of such immense size, in comparison with the ex- 
tremely small cavity of the cranium. The anterior part of the 
upper jaw consists of a large intermaxillary bone, and the 
lateral portions of the lower maxilla are formed of several 
pieces joined together. The lower jaw is articulated in a pe- 
culiar manner in theife animals, although the commencement 
of diis kind of articulation is seen in the jaw of the testudines : 
it has an articular cavity, in which a condyle of the upper jaw 
18 received. The condyle resembles in some measure, the 
pfoHej at the inferior extremity of the humerus, the trochlea, 
or roiula of Albinus ; this, at least, is the case in the skull of 
an aUigatar^ which I have before me« 

The old error of supposing that the upper jaw of the cro- 
codile is moveable, and the lower, on the contrary, incapable 
of motion, which has been adopted even by such anatomists 
as Vesalitts and Columbus, has perhaps arisen from this pecu- 
liar mode of articulation. An examination of the cranium 
shews, that if the lower jaw remains unmoved, the whole 
remainder of the skull may be carried backwards and forwards 
by means of this joint ; and such a motion is proportionally 



• See Traja's Memoir concerning the singular Structure of the TUna and Ulna in 
Fng$nni Toads, in his Eaperimmts an the Regeneration of Bones. Naples, 1779, p. 

350. 

t The skeleton of the crocodile is represented in N. Crew's Museum RegaUs Soeie* 
lirtis. LoiuL 1681 ; also in Faujas St. Fond, Histoire Naturelle de la Montagng de 
Sir. Pierre de Maettrieht, 

t The skeleton of the common green lizard may he seen in Goiter, pi. 4 ; Meyer, 
tan. i. pL 56 ; that of the salamander and water-newt are also given in Meyer ; that 
of tStstdutmdeon is prefixed to Cheselden's 6th ch. 
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cnv B ihe pRMnt instance than in an; other animal, bodk 
aa aeeumit of the Tery great relatire size of the lower jaw, aa 
«d as from its anomalous mode of articulation. There it, 
howgrei, no motion of the upper jaw-bone only, sinular to dut 
which occurs in most birds, serpents, and fishes. 

^ 69. The numerous teeth of crocodiles have this peculiarity 
i)i atnieture, that in order to fiwiHtate ihm change, there are 
always two, of which one u contained within the other.* 

\ 70. But the most surprising angularity in the skdetm of 
tbe crocodile conmsts in an abdoiunal aleiuum , which ia quita 
inncTent from the tnotaoc stemum, and extends from the a^ 
sjftna cartilage to dte pviia, apparently tor tbe purpow of 
sapportiag the abdonunal racera. In the skeletqna of thxae 
Emtl Imdimm eneodUet whidi 1 have exanioed, there wo* 
leu pairs of true, and two of Use lihs. The former had 
bony appcniagcs ; and there was a third intennediate portion 
b e tw e e u tbe riuef piece of the rib and each appmdiz. Thm 
abdmunal ste «a n» eonasted of seren pairs of piTtilwgaiciMl 
■Rbes coasiecled together. The ux £n>nt pairs were Bitcf>> 
Twpted by Often interfab ; and the space betweoi ibe -last 
pair and tbe pobb was filled by a broad {Hece of cartilage.+ 

\ 71. Tlw aerpents^ bare an upper jaw, unconnected irith 
the rest of the sktdl, and more or less moreahle of ttsdf. 

\ 72. We find in thdr tecA Ae important and clearly de- 
fined diflerCDce, which disdiq^iushefl the poisoOoas speoes of 
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The external row is wanting in the poisonous special 
which have, in their steady much larger tubular fangs con- 
neeted with the poison bladderj and constituting) in reality, 
lN»y excretory ducts, which convey the venom into the woundi 
inflicted by the bite of the animaL* 

% 78. It appears, in general, that the number of vertebrae in 
redrUooded animals, is in an inverse proportion to the sise 
and strength of their external organs of motion. Serpents, 
therefore, which entirely want these organs, have the most 
iMHieroiis vertebr» ; sometimes more than 800. 

The last vertebrae of the tail, in the rattlesnake, are 
broad, and covered by the first hollow pieces of the horny 
raitie: the suceeeding portions of this singular and mysteri- 
ow oigaaf are connected to each other in a most curious 



It may be observed, in confinnation of the remark, with respect 
to die rdation between the vertebrae and the external organs of mo* 
tion, tbai die number of vertebrae is very great in fishes of an elon^ 
gated form, vis. in the eely which has above one hundred. The/Kw* 
voite, which has no organs of motion which deserve mentioning, has 
Wt w ecn soLtjand seventy. 

finds. whioi have such vast power of locomodon by means of theif 
wins, have very few vertebrae, if we consider the anchylosed on^ 
as forming a single piece ; and the /rog, with its immense hinder ex- 
tremities, has a very short spine, consisting of still fewer pieces. 

Wtdi renrd to the peculiar organ of die ratde-snake above a]« 
lipded to, Dr. Mead's supposidon is by no means improbable, that it 
may serve to bring birds, &c. within their reach, from the effects of 
ftar its soond produces, in the same manner that the horns of the cr- 
raafes were formerly imagined, and probably not without jusdce, to 
be employed. Major Gardner, a correct and faithful observer, who 
had loi^ lived in East Florida, affirms, that the young Indians of 
that co untr y were accustomed to imitate the noise of this serpent, for 

■ ■ .. 

e Spedmens are ddioeated, for the take of comparnon, in the 4th part of my Ih» 
Biwfinni. &c tab. 37, where the heads of a rattlesnake (entaUu) and a fcw, are re- 
Bcsented with their mouths open. 

t ?or the probable use of this organ, which belongs so ezdnsively to the n(rtt(#- 
«db; and for the assistance which it may afford to this inactive animal, by draw* 
ttt Itfirank it the frightened birds, (which, indeed, may have given rise to tht 
stotict concerning its supposed power of fascination) see Voigt*s JkCiigasins, vol. I p. 

Dtm Avfins. 
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thep 

Natural Hiitory, by "Gore, p. 142. 

S 74. Of all snimals, serpents possess by iax the greatest 
number of ribs ; which amount, in some, to 250 pairs. It i« 
necessary to mention here the coatee acaptdartt of the eobra 
tU eabelo, {coluber naiee) which enable the animal to inflate its 
neck. This is also the case with other species of the eobtber; 
namely, the Egyptian coluber haje, which can dilate its neck 
▼ery considerably when enraged.* 

Serpents, with the exception of the aaguit /ragitU, {bUmd* 
wartx) are the only red-blooded animals which hare no ster- 
nuin.f 

The occiput is connected to the atlas by a single condyle in the 
tnevdile ma turtle ; in the lieard and tortoitt there is a Blightappear- 
ance of division into two surfaces ; in the Jrog and toad there are 
two condyle ; and in die terpentt there are three articular snr&ces 
on a sinf^ tubercle. 

The coodyle of the turtle being deeply hnbediled in the atlas, the 
nMion* of the articulation ninsi be limited : the pro tr ae ti oD and le- 
OKtiAB of the bead in this animal are efiectcd by ute flexiao and ex- 
tMWaa of the Tenebrae of the neck. 

The lower ja<r it articulated with an eminence ot the cranium in 
^ iKmtJlM, nrtks, frog*, miamoHdtn, UmduormM, (owm* frmgUu) 
and aa^wteaa ; besides the cmeodile in which the antnor mentions 
it. This bony eminence is eomparcd by Cnrier to the o« quadratwn 
of bird*. The lower jaw only is moveable in theae ammals. Its ar- 
ticulation in the twrtk is by means of a ginglymos. In all the re- 
Donous serpents the upper jaw is moveable on the head, as in birds : 
these aitinials r^uire as cKlensive an opening of the n 
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under the Boake, the ends of the ribs were distinctly felt upon the 
pafan, as the animal passed over it. This was an interesting disco- 
venr, as it tended to demonstrate a new species of progressive motion, 
and-one widely different from those already known. 

In the draco roians the ribs form the skeleton of the wing8« by 
means of which the animal flies, the five posterior ribs being bent 
backwards and elongated for that purpose, so that in that instance 
Ae progressive motion is performed by the ribs, but those particular 
rb» are superadded for this purpose, and make no part of the organs 
«f respiration, whereas, in the snake, the ribs are so constructed as to 
perform their office with respect to the lungs, as well as progressive 
notion. 

That riba are not essential to the breathing pf all animals, whoae 
Umga are situated in the same manner as in anaktSy is proved by 
the syren having no ribs ; but as this animal has also gills, and can 
breaibe in water as well as in air, the lungs are not so constantly em- 
pkyed, and probably a less perfect supply of air to them may sufl^. 
In animals in general, the ribs are articulated to the back-bone by 
means of a convex surface, which moves upon a slightly concave one 
fimned upon two of the vertebrae, partly on the one and partly on the 
other, so that there is a rib situated between every two vertebrse of 
the back ; but in the snake tribe, the head of the rib has two slightly 
concave sur&ces, which move upon a convex protuberance bekxng- 
ing to each vertebrae, so that there is a rib to each of the vertebras* 

One advantage of this peculiarity is, that it prevents the ribs firom 
interfering with the motion of the vertebrae on one another. The ver- 
tebrae are articulated together by ball and socket joints (the ball being 
found upon the lower end and the socket on the upper one) and have 
therefore much more extensive motion than in other animals. The 
muadesy which bring the ribs forward, consist of five sets, one from 
Uie transverse process of each vertebra, to the rib immediately be- 
hind it, which rib is attached to the next vertebra. The next set 
goes from the rib a little way from the spine, just beyond where the 
ronner terminates ; it passes over two ribs, sending a slip to each, and 
ia inserted into the third ; there is a slip also connecting it Vith the 
next muscle in succession. Under this is the third set, which arises 
irom the posterior side of each rib, passes over two ribs, sending a 
lateral slip to the next muscle, and is inserted into the third rib be- 
hind it. 

The fourth set passes from one rib over the next, and is inserted 
into the second rib. The fif^h set goes from rib to rib. On the in- 
aide of the chest there is a strong set of muscles attached to the an- 
terior surface of the vertebrae, and passing obliquely forwards over 
foor ribs to be inserted into the fiflh rib, nearly at the middle part 
between the two extremities. From this part of each rib a strong flat 
muscle comes forward on each side over the viscera, forming the 
abdominal muscles, and uniting in a beautiful middle tendon, so that 
the lower half of each rib, which is beyond the origin of this muscle, 
and which is only laterally connected to it by loese cellular mem- 
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bnae, is external to (he bdlj of the uumal for the puipoae of pm- 

MiiMJ liiiii. and that haU* of e>ch rib next the spine, as &iasdw 

fanga extend, is employed in resiuration. 

At the tetminatioa of each rib is a small cartilage, in shape eor- 
1 1 ^ iwimg CO the rib, oqIt t^etin^ to the point. Those of the op- 
BMMe ribs bftve no connexioo, and when ihe ribs are drawn outwaraa 
Of Ae muscles, are lepvaenl to smne dblaoce, and rest through their 
mjie length oo the i^ter s^Ace of the abdominal scuta, to >hicb 
iter are connected br a set of dwrt mnsdes ; they have also a ran- 
OHnB with ihoae et* the neighbouriHg ribe bj a set of ihort straight 

B applr to makes in general ; but thej have bea 

td m a ho» ttMMtrktor, three feet nine incfaea 

nedtn the HmMerinn mnwnm. In alt Miakes, tbe tibaaic 

ncbeanua. while the longs sddom occopy more thinonri 

Kof theosicTeoTeradbj the ribs. Thcae lower ribs 



t with the ribs in the drmto mi— i 
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CHAPTER V. 

ON THE SKELETON OF FISHES. 

§ 75. We should naturally conclude, from observing the great 
dhrersity in the general form of fishes, that the structure of 
their skeleton must be equally various.*' They agree together, 
however, on the whole, in having a spine, which extends from 
the cranium to the tail-fin ; and in having the other fins, par- 
ticularly those of the thorax and abdomen, articulated with 
peculiar bones destined to that purpose. They have in gene- 
ral many more bones unconnected with the rest of the skele- 
ton, than the animals of the preceding classes.*)* 

§ 76. The cranium in several cartila^nous fishes (in the 
siaie for instance) has a very simple structure, consbdng 
chiefly of one large piece. In the bony fishes, on the contrary, 
its component parts are very numerous ; amounting to 80 in 
the head of the perch. Most of the latter have a more or less 
moveable under-jaw. 

% 77. Great variety in the structure of the teeth is observed 
in this class. Some genera, as the sturgeon, are toothless. 

^ Detineatioos of the skeleton of most marine fishei are itiil wanting. A beauti- 
lol view of the Aate is given by Cheseldeu, in the beginning of his work ; those of 
te hrwam and Urrmg are well delineated and described in Rosenthal's lethyotomU" 
ekm T^khi, pt. 1. Berl. 1812. See Fischer's Zoognona, vol. i. Moi. 1813. On 
te wrmottoput teaber (^itar-gater). Meyer has represented the skeletons of twenty- 
five fresh-water fishes in the two first volumes of his book, which has been fre- 
qvently quoted. That of the earp may be seen in Duhamel, TraitS de$ Picket, (a 
part of the great work, entitled Detcription detArU and MHitn,) pL2, sect 1, tab. 3. 

t There are some excellent remarks on the skeleton of fishes in general, by Prof. 
Aolenrieth, in Wiedemann's Arehivet, vol. i. p. 2 ; and by Rosenthal, in Reil's and 
Avtenrieth's Ai^dv,fur dU Physiol* vol. x. 

On the skeletons of particular orders of fishes, see Vicq d'Azyr, in the 7th vol. of 
the AKaotrst praentS$ H VAcad, da Scieneeu It is translated into German, with re- 
nmrka and additions by Professor Schneider, in his Sammlung von Anatomitehin 
Jhrf u h t tn, umd BmuHmngm tur AufkUrwig dgr Fitehkunde, Leiptig, 1795, Svo. 
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Thar jawa, which are distinct from the cranium, form a move- 
able part, capable of being thrust forwards from the month, 
and again retracted. 

§ 78. Those fishes which possess teeth, differ very much in 
the form, number, and position of these organs. Some speciet 
of bream (as the spartu prohato-eephaltu) have front teeth 
almost like those of man :* they are provided with fangs, 
which are contaiaed in alveoli. In many genera of fishes the 
teeth are formed by processes of the jaw-bones covered wi^ a 
crust of enamel. In most of the sharks, the mouth is furnished 
with very numerous teeth for the supply of such as may be 
lost. The white shark has more than two hundred, lying on 
each other in rows, almost like the leaves of an artichoke. 
Those only, which form the front row, have a perpendicular 
du«ction, and are completely uncovered. Those of the sub- 
sequent rows are, on the contrary, smaller, have their points 
tuned backwards, and are covered with a kind of gum. These 
come through the covering substance, and pass forward when 
vsj teeth of the front row are lost.-!- It will be understood from 
this description that the teeth in quesdon cannot have any 
fiuigs. 

The saw-fish only (s^mi/m prislis) baa teeth implanted in 
the bone on both udes of the sword-shaped organ with which 
its head is armed. 

In some fishes the palate, in others the bone of the tongue 
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tliumb. It is composed of 15 curved portions, connected to- 
gether likewise ; and each of these arches is covered above 
with 60 small teeth, which lie close together. 

Many fishes have simple teeth of a bony subsiancff covered by ena" 
mdf and probably formed as in the mammalia. These are the most 
common, and may be seen in the pike. When the crown has com- 
pletely appeared, the root becomes anchylosed to the jaw. 

In other cases they adhere to the gum only, or at least to a firm 
cutilaginoos substance which covers the jaw. This is exemplified 
in the shark. These teeth seem not to be formed, as those of the 
mammalia are, by the deposition of successive layers one within the 
odier; bat in a manner more nearly resembling the formation of 
bone. They are at first soft and cartilaginous, and pass by succes- 
sive gradations into a state of hardness and density not inferior to 
that of ivory. 

A third kind of teeth consists of an assemblage of tubes, covered 
eEtemally by enamel, and connected to the jaw by a softer substance, 
which probably sends processes or vessels into those bony tnbes. 
This is the case with the pavement, as we may call it, of teeth, that 
covers the jaws of the skate, 

A similar structure is observed in the anarrichas lupus; where the 
teeth, composed of bony tubes, are connected to spongy emineiices 
of the jaws, which may be compared to epiphyses ; and on their se- 
paration leave a surface like that from which the antler of the deer 
fiOlsoff. 

Besides the two jaws, fishes have teeth implanted in the bones of 
the palate ; in that which corresponds to the vomer ; in the os hy- 
oides ; in the bones which support the branchiae ; and in those which 
are placed at the top of the pharynx. The salmon and pUce have 
them in aU these situations. 

§ 79. In the long-shaped fishes with short fins, the spine 
consists of a proportionally greater number of vertebrae ; of 
which the eel, for instance, has more than 100, and some 
sharks even more than 200. The main piece, or body, as it is 
called, of these vertebrae, is of a cylindrical figure, with a fun- 
nel-shaped depression on both surfaces, and concentric rings, 
which are said to vary in number according to the age of the 
animal. The spinal marrow passes above these, in a canal 
formed at the roots of the spinous processes. 

The ribs are articulated with what are called the dorsal ver- 
tebrae in most of the spinous fishes; but in some they are 
without this connexion, and in the cartilaginous fishes proper 
ribs cannot be said to exist. 
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% 80. Of the peculiar bones which seire as a basis for the 
fins, that of the pectoral fin may be compared to the scapula, 
and that of the abdominal in some measure to the os tniK^ 



I possess a specimen of the angular bone,* reUting to this 
subject, which for a long time has been considered a reiy 
obscure one> It is thick, of a roundish fiat form, and nearly ie> 
sembUng a smooth chestnut in shape and size. It forms on cm* 
ude a bony point ; and on tbe other is articulated, by nw^ns of 
a Yeiy remarkable ^glymus, with two small bones of different 
magnitude and resembling the point of an arrow. It bek»^ 
most probably to an E^t Indian elugtodon (probably to th« 
ekatodon arMrt<»cw of Schneider); the larger piece being the 
basis of the back fin, and the smaller constituting the first ra- 
dii of that fin.^ 

\ 81. Lastly, many fishes are ftimished with merely muscn- 
Ur bones (oMticvla mtuculonm of Artedi) which are sometimet 
Infurcated, are always situated among the muscles, and fiictli> 
tate their motion. 



'gniMna, is th« Vm 
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CHAPTER VI. 

ON THE (ESOPHAGUS AMD STOMACH. 

\ 62. AvTBR the comparative view which we have now taken 
of -the skeleton, as influencing the general form of the red- 
blooded animals, ^^ proceed to consider the other parts of tlie 
animal stmcture, and their functions, according to the natural 
Order and series of those functions. The particular dasses of 
animals will be considered in the subdivision of each chaptefi 
according to ihe arrangement most usually followed in teach- 
ing soology. 

% 83. The naiural functions, as they are called, which in- 
dude, in their most extensive sense, the whole process of nu- 
trition, very properly take the lead on this occasion. In the 
first place, they exist in all classes of animals without excep- 
tion, though under various modifications; they are indeed 
common to plants and animals : secondly, the peculiar mode 
in wUdi they are performed constitutes the most distinguish- 
ing character of animals. For they seek their food by volun- 
tary motion, and convey it into the stomach through a mouth* 
Partial exceptions to this general rule may be drawn, 1st, 
firom those animals in which no mouth has hitherto been dis- 
covered; for instance, some animalcula infusoria^ and in a 
Certain sense some medusa, which, instead of possessing a sim- 
ple opening, take in their nourishment through many apertures; 
ieeondly, from those, in which no manifest voluntary motion 
has been hitherto observed, as in several real hydatids* Phy- 
siologists have gone further, and have declared certain organ- 
ised bodies, in which neither of the above-mentioned charac- 
ters, neither a mouth nor voluntary motion, could be discover- 
ed, to be animals. Such, for example, are the dropsical blad- 
ders occasionally found in the abdomen of persons who have 
kboured under ascites, (rarely in any animal except man,) 
m vast numbers, and of various sizes, from that of a goose's 
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eggi to the head of the smsUest needle. I have examined a 
great number of these, which vere found in a dropsical cdd 
man, whose disease and dissolution are related by Richter, in 
lioder's Surgical Journal, vol. iii. p. 415. These differ in 
their whole structure, and particularly in the formation of their 
membranes, much more from the true hydatid* than from some 
limplemorbidwaterycysts, whicharemet with not unfrequently 
in warm-blooded animals, and consist so indisputably of a mere 
unnatural formation of vessels and membranes, that no person 
could think of ascribing to them an independent animal exist- 
ence. I have now before me similar cysts from a hen, the lai^ 
geat of which (about the size of a small hen's egg), like thoae 
of the above-mentioned patient, were quite unattached ; the 
rest appeared, on the first examination, from their conneuon 
with the ovarium, to be nothing else but caiieeM, containing 
from a morbid cause, lymph instead of yolk. 

I have, however, lately dissected a tinua cymomotgiit, 
whose lungs, liver, and omentum were beset with an abundaoce 
(^watery cysts of various sixes. The fluid of these cysts con- 
tained an innumerable quantity ofmicroscopical bodies, which 
were found, hy tlie employment of strong magnifying powers, 
to be kgdatidt, with a well-formed circle of hooks and mouth, 
and consequently must be considered v (rue independent ani. 
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r A dieek*pouch exists also in the omiiharhynchus paradoxus, Phii. 
.Tnuis. 1800, part 1, tab. 2, fig. 2. 

The salivary glands of the marninalia exhibit very few variations in 
stmcture. Tney are small in the camivora^ as mastication, properly 
-so called, can hardly be said to take place in them. On the contrary, 
•the ruminantia and soiipeda have them very large. The size of the 
sub-maxillary gland, m particular, is remarkable in the cow and 
*Mctff> : it extends along the side of the larynx, quite to the back of 
tbepharynx. 

The parotid and sublingual glands do not exist in the amphibious 
mammaHat as the seal : the teetli of that animal are only adapted for 
seising their prey, and must be utterly incapable of mastication. The 
same rtoiark may be made on the cetacea, where the salivary system 
•seems to be altogether deficient. 

The raucous glands, which constitute the labiales and buccales of 
man, are larger and more distinct in some animals. There is a row 
of^ these opposite to the molar teeth of the dog and ca^, penetrating the 
membrane of the mouth by several small openings. There is also a 
'Considerable g^nd in the dog, under the zygoma, and covered by the 
masseter. Its duct, equal in size to that of the parotid, or sub max- 
illarv glands, opens at the posterior extremity of the alveolar margin 
of the upper jaw. The molar glands and their openings are very 
:eoiispiciions in the pig. The cow and sheep have an assemblage of 
similar glands in the zygomatic fossa : their excretory ducts open be- 
hind the last superior molar tooth. 

• § 85. The peculiar glandular and moveable bag, (buriafau" 
ehsm) which b placed behind the palate, has hitherto been 
only observed in the camels of the old world : and it pro- 
bably serves to lubricate the throat of these animals in their 
abode in the dry sandy desarts which they inhabit.* 

No mammalia possess an uvula, except man and the simia. As the 
'Ceiaeea possess no nostrils, they have not of course any velum pa* 

The parts about the pharynx in the cetacea exhibit a very singular 
structure. The larynx is elongated, so as to form a pyramidal pro- 
jectioD, on the apex of which its opening is found. The pro- 
jection of this part will divide the pharynx; and the food must 
pass on either side of the pyramid. A muscular canal extends from 
the pharynx to the blowing holes, and is attached to the margin of 
those apertures. The circular fibres of this tube form a sphincter 
musde ; which, by contracting round the pyramid, cuts off tne com- 
munication between the blowing holes and the moutli and pharynx. 

* See Home's Life of J. Hunter, prefixed to the poetb«moiu work of the laCler, 
MftheMaprf, inflammQiion, &c. p. 41. ^ 

G 
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( 86. The oesophagus of qiudnipcds b distiiiguubed from 
th^ of the human subject by possessing two rows of mos- 
colar fibres, which pursue a spiral course and decussate each 
other. In those carnivorous animals which swallow vono- 
ously, as the (to^ it is very large ; on the contrary, in tnany 
of the larger kerbhora, and particularly in such as ruminate 
its coats are proportionally stronger.* 

The opening of the oesophagus into the stomach is maAed 
by some differences, both with regard to its size, and to the 
mode of termination. We understand, from observing these 
pohits, why some animals, as the dog, vomit very easily, while 
others, as the harae, are scarcely susceptible of this process,")- 
except in extremely rare instances. 

It seems extraordinary, on the first cmwderatioii, that the 
ymninating animals, in whom the passage oS the food from tlie 
'first stomach into the cesophagus is very easy, should not be 
excited to vomit without such difficulty. 

I possess a hair-ball which was discharged by voantii^ bam. 
&e stomach of a cow, which laboured under an Affection of 
the digestive powers. The substance in question was dis- 
charged with violence, after the employnmC of some w^te 
hellebore placed under the integuments of the bmst.^ 

\ 87. The form, structure, and iimctions of the stonweb> 
are subject to great variety in this chus of amraals.! In moat 
carnivorous quadrupeds, | particnlBr)y those <^a f 
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y 

Acedf it Ae bft extremity, so that there is no blhid «ae 
formed in the stomach. In some animals, as in the Han, beat, 
&c^ it is divided by a slight contraction in its middle, into 
two portions. Its coats, particularly the mnscnlar one, are 
▼eiy strong in the camhora. We must not, hoveirer, trust 
ittipficitly to Roederer, when he says that '' the bear has two 
stomachs, the first and largest of which is formed like that of 
a c a ruiforous animal, the second and smaller IHce that of birds 
which feed on hard seeds.*' 

The truly canuTorous stomach, as well as the human, which in its 
structure is closely allied to it^ is according to Sir £. Home, capabU 
of dividing its cavity into two distinct portions by a transverse con* 
traction of its coats, in which state the cardiac portion is, in length, 
two thirds of the whole, but, in capacity, much greater, and in se^ 
feral instances, where the opportunity was afforded of examining the 
part immediately after death, the stomach has been found in this form 
DOdi in the human body and other animals. This appearance corres- 
ponds with the permanent form of tlie stomach of many other animals* 
It is not fi!ec|aendy met with, the fibres of the stomach being readUy 
relaxed very soon after death by the motion of the liquid commoniv 
retained m its cavity, and the air which is let loose ; so that sucn 
eoDtmetioo b only to be expected where opportunities occur of a 
very eaily inspection of the stomach after deatli. But this appear* 
ance in the stomachs of women has been attributed by Soemmerinpf 
to the effect of the pressure occasioned by the central bone of their 
stays. 

^ 88. In some herbivora the stomach has an uniform ap* 
peanmoe externally ; but it is divided into two portions inters 
Dally» either by a remarkable difference in the two halves of 
ka internal coat,* as in the horse, or by a valvular elongation 
of this membrane, as in several animals of the mouse kind. 
This if also the case in the hare and rabbit, where also the 
food in the two halves of the stomach differs very much in ap- 



* pB tka whole internal surface of the horse*s stomach there are found, in vast 
•bwidance, particularly in spring, the larvs of two species of oestrus, viz. the 
(which linneus called catrus bavui), and the astrus hamorrlwidalU, the 
of which has been elucidated, for the first time in modem days, by that 
tclerinaiy surgeon, Mr. Bracy Clark, in the Traraactwru of the Linn^n So- 
eitiy, Yol. iii. Figuiei of the oeKrus tqui and its larve are given in my AHbildungen 
JVklHsMstfr. CigmiMmU, Ub. 47, fig. 3, 4, 6. 

6 2 
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pevance, particularly if the animal has been fed about two 
hours before death. 

In the animals alluded to in this paragraph the led half of the *to- 
■nach is covered with cuticle, while the other portioo haa the tiinal 
vUlouB and secretiDg surface. The cuticnlar covering forriH a more 
or lew prominent ridge at ita termination. The lefl portion of the 
cavity may be regarded as a reservoir, from which the food ia trana- 
mitted to the true digestive organ i and the difiFerent states in whicit 
the food ia found in the two parts of the cavity justify the snppoii- 
tion. Hence these stomachs form a connecting Jink between umim 
of ruminating animals on one side, and such at have the whole svr- 
Ikce villous on the other. 

The larvee of the attntiegui (the large hone-boi) attach tbemielvM 
to every part of theatomaeh, but are in general most numerous abottt 
the pylorus, and are sometimes, but much less frequently, found in 
the intestines. They hang, most commonly, in dasters, being fixed 
by the stdbU end lo the inner membrane of the stomach, where they 
Mhere by means of two small hooks, or tentacula. When removed 
from the stomachthey will attach themselves to any loose membrane, 
and even to the skin of the hand ; for this parpose they draw back 
Aeir hooks almost entirely within the skin, till the two points of these 
hooks come close to each other ; the? then present them to the tnem- 
brane, and keeping them parallel till it is pierced through, they ex- 
pand them in a lateral direction, and afterwarda, by bringpag the 
points downwards, or towards themselvea, they include a sufficient 
piece of the membrane with each hook, and thus remain firmly fixed, 
for any length of time, without any further exertion of the animal. 
They attain their full growth about the latter end of May, and 
are coming from the horse from this time (o the latter end of June. 
On dropping to the ground they soon change to the ehrytalit, and in 
n weeks the fly appears. This bot is larger and whiter 
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on^ this organ, consists of two or more portions manifestly 
distinct externally, and forming as many stomachs. There 
are two of these in the hamster^* three in the kangaroo f and 
iajofuJl. four in the sloths.^ 

The carnivorous cetacea have also a complicated stomach, 
consisting in some species of three, in others of four, and even 
of five subdivisions, y 

§ 90. The most complicated and artificial arrangement, both 
Willi respect to structure and mechanism, is found in the well 
known four stomachs of the ruminating animals with divided 
hoofs ; of this we shall take as examples, the cow and sheep.^ 

The first stomach, or paunch, (rumen, penula, magnus ven* 
ier, ingluvies; fV*. le double, Fierbier, la panse) is by fiir the 
largest in the adult animal ; not so, however, in the recently 
bora calf or lamb. It is divided externally into two saccular 



- *- Tim is eiedlentl J detcribed by Sulzer, in his work above quoted. 

t y^^^ ^ ^ Rsdierdu de la Peroute, torn. i. p. 134. CuTier, Lt^otu iMaatomif 
fomparit, ton. v. tab. 37 ; and Sir £. Home's Leetura on comparativi AnaUtmy, toI. 
i. 4taiji. 166. 

% TfKHk in the PJbTot. Tranu toL xiii. p. 364. 

( ]>tibeiilon, Tol. xiiL p. 64 and 63 ; and Wiedemann's Archhoei, toU i. 

I I^TBMi't iiiM<Miy of a Porpoim, London, 1680, 4to. Hunter in Schncidfer't 
Brnftriigm ntr NaturgttehieU der Wallfithharten, 1 th. p. 51. Cuvier, Le^om d'Anat. 
cam^ tab. 38, fig. 3 ; and Home, in the Phil. Trant. for 1807, p. 93. 

IT From the nraltitnde of writers who have treated on the stomach of ruminating 
aaiiBalt and its linetions, I refer to the following only, on account of the plates 
which th^ haw given, particularly such as exhibit the vast increase of tiie in tha 
fint f*««">fti* compared with the fourth, in the early periods of life. 

Obmn. Anat. CoUegii privati Amstelodamentis, pi. 1, p. 12. 

Pterault, £nrti de Phyrique, vol iii. p. 211. 

J. C Vtytr, Mtryeologia. Basil. 1685, 4to. 

J. J. Harden ApUurium, ib. 1687, 4to. p. 16. 

Danbenlon, torn. iv. tab. 15—18. 

P. Camper, Leuenater dd tham Zwtevende VieaerteJU, Leeuward, 1769. 

H. Vink, Lemen over de Herkanwing der Runderen. Rotterd. 1770. 

J. Borgogne, in the MSm, de I* Acad, de Turin, Sc. Phys. torn. iv. pp. 1 and 309, 
1809. 

G. Bfalacame, in the Memorie di Fis, delta See. Italiana, torn. xviL 1815. 

Basel's Natural History of Aleppo, vol. ii. p. 425, 1794. 

To which may be added Sir E. Home's observations on the camel's stomach ; 
which are illui^ated by two excellent views of the cow's stomach by Mr. Clift, be"* 
adet thoatof thecamel. Phikm. IVuks. 1806» fd. 15, 16. 
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eppendkes at its extraaity, aod it it aliglitl; Hpaimted into 
fyui parts on the inside. Its intenMl coat is beset with inm* 
awnble flattened papillc. It ia goierally in this first atotnaoh, 
seldom in the second, that morbid concretions are fomwd, «f 
A ^btdar, or elongated, but jret rounded figure. They ate 
-conpoaed of three kinds of aubttancet : riz., of hairs, of tlw 
undigested fibrous parts of plants, oi of stony mattcci. 

The hair-boUs, partieulariy in the cow, are formed of the 
aninud's own hair, which is licked o£^ and gradually aecumo- 
lated in the stomach. These either retain a hairy appearane* 
Iktemally, or they are covered with a dssk poUshed sabatanoa, 
ainular to that which accumulates round their mdmc teeth. 
(SeeV^) 

The balls of the ciamou, (tKgagntpilet) eonsiating of T^e- 
table matters, particularly of the nwewated fflires of the eetkm- 
$a meum, are found in the animals firom which they derive 
their name, and aregenerallyofa fine spongy tejduxe, covered 
externally with a smooth black coat. 

' Of the atony concretions which eonitittite die Anoorr, the 
oriental ones are derived trom the witd goaiM ,• the weatem 
come from the South American species of cameL Tha latter 
are of a yellow-grey colour ; the fonur of a greetuah>b)adc, 
with concentrieal strata, and generally CDntafanilg for a nnelmi 
a small bit of rice-straw. 

Id a large oriental hewoar, which I sawed thraugh, tha so* 
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JBlenMil •irucfage> Its cavity is much ccmtracted by numerous 
and bmad -dupUcatuies of the internal coat, which lie length- 
wise, vary in breadth in a regular akemate order, and amount 
to about forty in the sheep, and one hundred in the cow. 

The fourdi, or the redf {aiomaswMj falUeus, venirieMhts in- 
imtiMoIiM t Fr^lm cmiBeiki) is next bi size to the paunchy of ati 
doogated pjrifbrm shape, with an internal villous coat hke 
that of ihe human stomach, with lai^ longitudinal folds. 

'%91. The three first stomachs are connected with eadi 
other* and with a groove-tike continuation of the oesophagus, 
in a viery remarkable way. The latter tube enters just where 
the three first stomachs approach each other ; it is then con- 
tauod with the groove, which ends in the third stomach. 
This groove is tfierefore open to the first stomachs, which lie 
to its right and left. But the thick prominent lips, which 
form the margin of the groove, admit of being drawn together 
so as to form a complete canal, which then constitutes a direct 
odntitwiatfcm of the oesophagus into the third stomach. 

§90. The functions of this very singular part will vary, 
aceoidiiig as we consider it in the state of a groove, or of A 
distd ouiaL la the first case, the grass, &;c. is passed, after a 
t«ry sight d^pnee of mastication, into the paunch, as into a 
roir. Thence it goes in small portions into the second 
firom idiich, after a further maceration, it is pro* 
flailed, by a kind of antiperistaltic motion, into the oesdpha-* 
goM, and thus returns into the mouth. It is here ruminated, 
and again swallowed, when the groove is shut, and the morsel 
of food, aftor this second mastication, is thereby conducted 
direedy into the third stomach.* During the short time 
wUdi it probably stays in this situation between the folds of 
Ae internal coat, it is still further prepared for digestion, 
wluch process is completed in the fourth, or true digestive 
skMnacb« 

Tlie process of rumination supposes a power of voluntary 



* Thcie Eictt were undentood by Serenno, who says, in his ioatnictive Zootemia 
iUwuerUm, " A penula ei oilula media reTomitur ad os, hinc nBainfltnm ad con- 
ciave dcfcen^ ct hinc pottiemo ad TeBtricalum prapri^ dictum."- 
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motion in the (esophagus; and indeed die inflnence of tfad- 
will throughout the whole process is incontestable. It is not 
confined to any particular time, since the animal can delay it 
according to circumstatices, when the paunch is quite ftiH. It 
haa been expressly stated of some men who have had the 
power of ruminating, (instances of which are not very rare,) 
that it was quite voluntary with them. I have known four 
men who ruminated their vegetable food: they assured me 
that they had a real enjoyment in doing this, which has also 
been observed of others : and two of them had the power of 
doing or abstaining from it at their pleasure. I have already, 
on another occasion, observed that the final purpose of rumi- 
nation, as applicable to all the animals in which it takes place, 
and the chief utility of this wonderfully complicated functloD 
in the animal economy, are still completely unknown ; what 
has been already suggested on these pcunts is quite unsatia- 
bctory, 

Fabricius ab Aquapendente has sufficiently refuted the 
visionary noUon of Aristotle and Galen, namely, that rumination 
supplies the place of incisor teeth, the materials of which are 
applied, in these aiumals, to the formation of horns. Pemuilt 
and others supposed that it contributed to the security of 
these animals, which are at once voracious and Umid, by shew- 
ing the necessity of their remaining long employed in chewing 
in an open pasture. But the Indiam bt^alo ruminates, ab 
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shew this structure very wdl ; it is very remarkahle in the mus qu/tr*^ 
cmiUt (Cuvier, Leqons d' Anatomic comparee^ torn. v. pi. 36, fig. ll)« 
In the camivora^ tfie stomach, which is of a cylindrical form, has no 
ad de sac ; the oesophagus opens at its anterior extremity, and the 
kitestiDe commences from the posterior ; so that every thing farours 
a quick passage of the food. Animals of the weasel kind, which are 
strictly carnivorous, exhibit this structure the most completely. The 
seal and the lion also exemplify it. (Cuvier, jiJ. 36, fig. 7.) 

^ 93. There are still two peculiarities in the stomachs of 
some mammalia^ which must be mentioned here, before we 
proceed to consider that of birds. 

In the opossum, the two openings of the stomach are placed 
as near, or even, nearer together than in many birds, contrary 
to the usual rule in this class of animals. 

There is a peculiar glandular body at the upper orifice of 
the beaver^a stomach, about the size of a shilling, full of cavi- 
ties that secrete mucus. It resembles, on the whole, the 
bMus glandulosus of birds, and assists in the digestion and 
animalization of the dry food which this curious animal takes, 
conristing chiefly of the bark and chips of trees, &c. 

The stomach of the pangolin {manis pentadactyla) is almost 
as thick and muscular as that of the gallinaceous fowls, and 
contains, like that of granivorous birds, small stones and gra- 
vel, which are probably swallowed, fox the same purpose, aft 
in the case of those birds : that is to say, they are not swal- 
lowed, as Burt* supposed, to afibrd nourishment; but in 
order to kill and bruise the insects, &c. which form the ordi- 
nary food of the animal, and which might otherwise, by means 
of their vitality, resist the chemical action of the gastric juice ; 
as the intestinal worms and water-newts, which have been 
swallowed, do in man and other mammalia. 

According to Cuvier, there is a gland, as large as the head of a 
man, situatai between the coats of the stomach in the manati (tri* 
cheehms manatus borealis). It is placed near the oesophagus, and dis- 
charses, on pressure, a fluid like that of the pancreas by numerous 
sQiall openings. 

Legims d'Anai. comp. torn. iii. p. 401 . 

Sir £. Home is of opinion that a glandular structure exists in the 



* Auatie Rsiear^ia, toI. ii. 
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hof the MB-ofMr near the pylonui PUIoi. TVmu. 1786,pLt; 
and Hr. Mscattney hu discoverad an arnugenient of gUodulv W> 
die* m the dormouK, round the tetophaaiu juat before ita tamunatiaii, 
■hnilar in titnation and appearance to the gaatric glanda of birds. 

The Btomach of the ontitborkifnckiu hyt^ix b covsred whh euiida^ 
and poBsetaes aharp, homy papilUe near the pyloriu. The animal 
•wallowa aand, vhich may wobably aawM in the reduction of th« 
food, as the gravd doei which is awallowed by the gallinaeeow 
birds. Sir E. Home, in the Pkil. Trant. 1803, p. S. 

The peculiar structure of the stomachs of the itmgaroo, caiHel, and 
lama, which is scarcely noticed in the text, deaarvaa a detailad «xa- 
mioation. The sComacb of the katgaroo diffirs in many particulan 
from that of any other known animal, and bears a greater reaem- 
Uance to the human caecum and colon than to any stomach. The 
awndiaffus enters the stomach very near its left cKtranity, whi^ 
omlike Uie corresponding part in othor animab^ laxcrj ainall and 
bifid. From the emnaeevl the cesophagua die cavity extends to- 
wards the right side of the body, then passes upwards, makes a turn 
upon itself, crosses over to the left aide befoie the oesophagus, and 
^ain crosses the abdoman towards the ri^l, making a complete 
flirde round the portion into which the ceaotMagua enters, and tenni- 
nates by a ccmtracted orilice at the pylorus. 

Its cavity gradually enlarges from the left exfremi^ through its 
whole course, till it approadtes the pylorus ; it then eontiacta and dOam 
again into a rounded cavity with two lateral procesBBS : bt^ond tliis 
■i the pylorus, the orifice of which is very smaU. On the anterior 
and posterior aide of the stomach there ia a longitudinal band, similar 
to those of die hnman colon, beginning fiundy at Ae left teimination, 
and extending as far as the ralargenoeat aaar the pyloms ; these 
bands being sbwter than the coats of tbe slomad, the latter are 
consequently puckered, fbnning aacculi, as in the human colon. 

"'" n the cavity of the stomach is laid open, the cuticular lining 
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ioogitudiiud bands, and eonaist only of nine. Beaidei thete there 
are two large clusters of an oblong form, situated transversely, whei« 
die loogitadinal bands terminate. The internal surface of the rounded 
caTity next the pylorus has a different structure, putting on a tesse- 
bted uppeantacef fbnned by a corrugated state of the membrane. 
IwmrdiatHy beyond the pylorus is a ring of a glandular structure 
surrounding the inner surnoe of the duodenum. 

The stomach of the kangaroo, in the peculiarities of its structure, 
iarm% an intermediate link between the stomachs of animals which 
occasionaUy ruminate ; those which have a cuticular reservoir ; and 
dioae with processes or pouches at their cardiac extremity, the inter- 
nal membrane of which is more or less glandular. The kar^aroo is 
found to ruminate when fed on hard food. This was observed by 
Sir Joaefkk Banks, who had several of these animals in his possessioiit 
and frequenthr amused himself in observing their habits. It is not, 
however, thev constant practice, since those kept in Exeter Change 
have not been detected in that act. This occasional rumination con* 
nects the kangaroo with the ruminant. The stomach having a 
portion of its surfi^e covered by cuticle, renders it similar to those 
with cuticular reservoirs; and the small process from the cardia 
gives it the third distinctive character ; indeed it is so small, that it 
would appear aa if it were placed there for no other purpose. 

The Acufsroo's stomach is occasionally divided into a greater 
number of portions than any other, since every part of it, like a por- 
tion of inlestiDe, can be contracted separately ; and when its length 
and the thinness of its coats are considered, this action becomea 
a e ees sar y to prcq^ the food from one extremity to the other. 

Such a structure of stomach makes regurgitation of its contents 
into the mouth very easily performed. The food in the stomach 
goes through several preparatory processes ; it b macerated in the 
cuticular portions ; it has the secretion from the pouch in the cardia 
nixed witn it, and is occasionally ruminated. Thus prepared, it is 
aeted on by the secretion of the gastric glands, which probably are 
those met with in dusters in the course of the longitudinal bands, 
and afterwards converted by the secretions near the pylorus into 
dbyle.— -8ee 8ir £• Home's Lectures oti comparative Anatomy, voL i. 
^ 106, 4to. edit, to which work we are also indebted for the follow- 
■ig csoellent account of the structure of the stomach of the cameL 
The structure of this part in the lama, according to the account 
which Cuvier has given of it in the examination of a foetus, (U^ons 
^Jtnat, comparie, torn. iii. p. 387,) does not differ essentially from 
duit of the camel. 

Opportunities of examining the camel rarely occur in this coun* 
try. One of these, however, was met with thirty years ago, and the 
kle Mr. Hunter avaOed himself of it, and made several preparationa 
lo ittustrate the different parts of its structure, which are now in die 
eoUection at the College of Surgeons. As the stomach was Mown 
wft and praacrved in a dry state, many peculiarities were left unex- 
miutdf pMrtkukriy ihoae itsficling the power which the animal 
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hai of carrying a provisitn of water aa a supply when trarcning the 
deserts. 

Sir E. Home wai led by many circumatances to be very deairoos 
of investigating this subject, and in the year 1606, a &ToiirabIe op- 
portunity presented itself; a camel in a dying state having been po^ 
chased bv the board of curators of the CoU^e of SurgeonS) with a 
view of illustrating the anatomy of that animsT. 

Aa Professor of Comparative Anatomy, Sir E. Home was directed 
to examine the peculiarities of the stomach, and to make a report on 
ibat suliject. 

The camel, the subject of the following observations, was a fnnale, 
hioitght from Arabia, twenty-^ht years old, and said to have beea 
twenty years in England, and twelve years in the possession of the 
person from whom the Board of Curators purchased it. lis bd^t 
was seven feet from the ground to the lip of the anterior hump- 
In DecMuber, 1806, when it was purcoased by the college, it was 
so weak, aa hardlv to be able to stand : it got up with difficultji aod 
almost immediately kneeled down again. 

By being kept warm, and well fed. it recovered so as to be able to 
walk, but was exceedingly infirm on its feet, and moved with a very 
dowpaoe. 

It drank regularly everv second day six ^alloas of water, and 
dccasionally seven snd a bslf, hut refus^ to drink in the intetvcnins 
period. It took the water by large mouthiida, and slowly, till it had 
wMte.. The quantity of fotid it daily consutiicd, was one peck of 
pats, one of chaff, and one-third of a truss of hay. 

In the beginning of February, 1800, it began to shed its coat. 
Towards the end of March the wind became extronely cold, and the 
animal suKred so much frmn it, that it lost its strength, refWd its 
food, and drank only a small quantity of water at a tune. 

In this state it was thought advisable to put an end to so mise- 
rable an existence, and it Buggcsted iiselfto tlic cominittee apjwinted 
for the puriwges of ihis investigation, tlut if this was done soon after 
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The iminial was kq>t suspended, that the. viscera might remain in 
their natural state, and in two hours the cavities of the chest and 
abdomen were laid open. 

The first stomach was the only part of the contents of the abdo- 
men which appeared in view. The smooth portion of the paunch 
was on the len side, and on the right towards the chest was a cellular 
structure, in which it was evident to the feeling that there was air ; 
but no part of the solid food with which the general cavity was dis- 
tended. On the lower posterior part, towards the pelvis, there was 
another portion made up of cells, larger and more extensive than 
that which was anterior. On pressing on this part, a fluctuation of 
its contents could be distinctly perceived. A trochar with the canula 
was plunged into the most prominent of the cells, and on withdraw* 
inff It, there passed through the canula twelve ounces of water of a 
jdlow colour, but unmix^ with any solid matter. 

Tlin fiict having been ascertained, the first cavity was laid open on 
the left side> at a distance from the cellular structure, and the solid 
contents were all removed. 

While thn was doing, some water flowed out of the cells, and some 
out of the second cavity, but the greater part was retained. 

That in the second cavity was found nearly pure, while the other 
was muddy, and of a yellow colour, tinged by the solid contents of 
the first cavity. 

On examimng the cellular structure, no part of the solid food had 
entered it, nor was there any in the second cavity; those cavitiet 
having their orifices so constructed as to prevent the solid food from 
entering even when empty. 

On measuring the capacities of these diflerent reservoirs in the 
dead body, they were as follows : The anterior cells of the first ca- 
vity were capaue of containing one quart of water when poured into 
them. The posterior cells three quarts. One of the largest cells 
hdd two ounces and a half, and the cells of the second cavity fi>ur 
quarts. This, however, must be considered as much short of what 
those cavities can contain in the living animal, since there are large 
muscles covering the bottom of the cellular structure, to force out 
the water, which must have been contracted immediately after death, 
and by that means had diminished the cavities. 

By this examination it was proved, in the most satisfactory man- 
ner, that the camel, when it drinks, conducts the water in a pure 
state, into the second cavity ; that part of it is retained there, ana the 
rest runs over into the cellular structure of the first, acquiring a yeh* 
low colour in its course. 

This confirms the account given by M. Buffbn, in his examination 
of the cameFs stomach, as well as that of travellers, who state that 
when the camel dies in the desert, they open the stomach and take 
out the water which is contained in it to quench their thirst. 

That the second cavity in the cornel contained water had been ge- 
neraBy asserted, but by what means the water was kept separated 
firom the fbod, had never been explained, nor had any other part 
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been diatovered by whif^h the comition offices of a second ciTity 
could be perfomiM. On these grounds Mr. Huntei did not girt 
credit to the assertion, but considered the second cavity of the i iiwii 
to correspond in its use with that of other rumTnants, as appears from 
faia observations on the snbject, stated by Dr. Russel in his history of 
Aleppo. 

The difference of opinion on this subject led Sir Everard to az»* 
mine accurately the structure of the stomach of the camel, and ef 
tboae ruminants which have homa ; so as to determine, if poasiUct 
thepeculiar dfices belonging to their difierent cavities. 

"Die cotHtfa stomach anteriwly forms one large bag, but when laid 
ojpen, this is found to be divided into two comparbnmts, onitspoat»- 
nor part by a strong ridge, which passes down from the ririit aid* of 
the orifice of the (esophagus, in a longitudinal dlrectioB. This ridge 
forms one side of a groove that leads to the orifice of the second o« 
Tity, and is continued on beyond that part, becomiiw aae boundary 
•o the cellular structure met with in that situation. From tbia ridg*, 
right strong muscular bands go off at right angles, and afterwards 
fimn curved lines, till they are insensibly lost in the coats of the ito- 
nacfa. Theee are at equal distances from each other, and, being ii^ 
tMtected in a regular way by transverse muscular septa, foim the 

This cellular structure Js m the left compartment of the first cft- 
Tityi and there ii another of a more superAciat kind on the right, 
plued in exactly the opposite direction, made up of twenqr-oM 
■owt of smaller cdls, but entirely unconnected widi dte great ridge. 

On the left side of tlie termination of the ces(^ibagai, a broad mna- 
aidar band has its origin from the coats of the first cari^, and passes 
down in the form of a fold parallel to the great ridge, till it enters tb^ 
orifice of the second, where it talcs another direction. It is continued 
al(»g the upper edge of that cavity, and terminates within the orifice 
of a Rmall bag, whifh may he tcrmcii ibc ihiril cavity. 

- ■ ■ ■ ■ ■ ■ ■ f . forii) a canal 
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aadtbat portioii of it which lies in the reeess, iraniediately behnr ti^ 
entnuice of the oesophagus^ under which the cells ave situated, is kept 
moist, and is readily returned into the mouth along the groore form- 
ed for that purpose, by the action of the strong muscle, which sur* 
TOUJiids thisjpart of the stomach, so thai the crilular portion of the 
first cavity in the camel performs the same office as the seccmd in the 
ruminants with horns. 

While the camel is drinking, the action of the muscular band opens 
the orifice of the second cavity at the same time that it directs the 
water into it ; and when the cells of that cavity are fiiU, the rest runs 
off into the cellular structure of the first cavttv immediatdiy below^ 
and afterwards into the general cavity. It wouki appear that camds, 
when aocttstomed to go journeys, in which they are kept for an ns* 
usual number of days without water, acquire the power of dilating 
the cells, so as to laake them contain a more than ordinary quantity 
as a simply for their journey ; at least such is the account given by 
those who have been in Egyp^ 

When the cud has been chewed, it has to psM along the upper part 
of the second caviw, before it can reach the third. How this is ef- 
fiectsd without iu uUing into the cellular portion, could not, from any 
inspection of dried specimens, be ascertained ; but when the recent 
stomach is accurately examined, the mode in which this is managed 
becomes very obvious. 

At the time that the cud is to pass from the mouth, the muscular 
band contracts with so much force, that it not only opens the orifiee 
of the second cavity, but acting on the mouth of the third, brings it 
forward into the second, by which means the muscular ridges that 
sepsrate the rows of cells are brought dose together, so as to exclude 
these cavides firom the canal through which the cud passes. 

It is this beautiful and very curious mechanism which forms the 
peculiar character of the stomach of the camels dromedary ^ and lama^ 
fitting them to tive in the sandy desarts, where the supplies of water 
are very precarious. 

The first and second cavities of the camel, as well as those of the 
rmnmantiat are lined with a cuticle. 

The third cavity in the camel is so small, that were it not for the 
distinctness of its orifices, it might be overlooked. It is nearly ^>he- 
ricalf four inches in diameter, is not like the third of the rummamikh 
lined with a cuticle, nor has it any septa projecting into it. The cu* 
tide, continued firom the second cavity, terminates immediately within 
the orifice of the third, the surface of which has a faint appearance of 
honey-combed structure ; but this is so slight as to require a close in» 
spection to ascertain it 

This cavity can answer no other purpose in the oeconomy of the 
animsl, than that of retarding the progress of the food, and making it 
pass 1^ small portions into the fourth cavity ;. so that the process, 
lAittever it is, which the food undergeea^in tlie third cavity of other 
niminants, would appear to be wanting in the camels and consequently 
MH required. 
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• The foiirtb cavity lies to the right of the first, knd has for a gnat 
part of its length Ute appearance of an intestine ; it tlien contract* 
partially, and Uie lower portion has a near resemblance in its shape to 
the human stomach. Its whole length u four feet four inchea ; when 
laid open, the internal membrane of the upper portion is thrown into 
lonsitudinal narrow folds, which are continued for about tlireefeet of 
its length ; these terminate in a welted appearance ; the ridges are 
«s large as in the bullack, but not so prominent nor so serpentine in 
their course, and for the last nine inches the membrane has a Tiltotu 
appearance, as in the human stomach. Close to the pylorus there is a 
glandular substance of a conical form, which projects into the cavity, 
^e blunt end of it resting upon the orifice of the pyloros. This is 
•imiUr to what is met with in the bullock, but still more conspi- 

The fourth cavity of the camel corresponds with that of the biU- 
hek in all the general characters, and resembles it in most pattica- 
lara. It exceeds it in length ; but the plies are so much smaller, 
that the extent of the internal surface must be very neaHy the same 
JQ both. It differs from it in having a contrac^on m a transverse di- 
TecdoR, immediately below the termination of the plicated part, which 
has led both Daubenton and Cuvier to consider these two portiotu as 
separate cavities. 

On a comparative view of the stomach of the bullock and camel, h 
sippears that in the bullock there are three cavities forined for the pre- 
ftaration of the food, and one for digestion. In the camel, there is one 
cavity fitted lo answer the purposes of two in the bmilock; a second 
employed as a reservoir for water, having noChinK to do with the 
preparation of the food ; a third so small and simple in its structure, 
that it is not easy to ascertain its particular office. It cannot be 
compared to any of the preparatory cavities of the ntminaniia, as all 
of them have a cuticular lining, which this has not; we roust there- 
fore consider it as a cavity peculiar (o ruminanls uilliout horns, and 
that the fourth ia the cavity in whicli the process of dig 
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inch, tfaef are found to have three distinct oiifices, aiid that part of 
eaeh papilla next the point is semi-transparent. These secretions are 
ascertained by Dr. Stevens's experiments to have a solvent power in a 
slight degree, since vegetable substances contained in tubes were dis- 
aehred in the paunch of a sheep.* 

The food thus mixed is returned into the mouth, where it is masti- 
cated by the grinding teeth ; it is then conveyed into the third ca- 
vity, in which a gas is emitted. This was examined by Sir Humphrey 
Davy and Mr. William Brande, and was found to be inflammable, ana- 
not to contain carbonic acid, which establishes a difference between 
this process and fermentation ; the food is then received into the up- 
per portion of the fourth cavity. 

Tne changes which are produced on the food in the three first ca-^ 
vities, are only such as are preparatory to digestion ; and it is in the - 
fourth alone that that process is carried on. In the plicated portion 
the food is acted on by the secretion of the gastric glands ; m that 
portion of the fourth cavity of the deer's stomach, small orifices are 
seen in the internal membrane leading to the cavities, which appear 
to be the openings of these glands. 

In the lower portion the formation of chyle is completed. 

BIRDS. 

§ 94. As we have spoken above of the cheek^pauches of 
some mammalia, we^ must here take notice of the throat 8(Wi 
which is found in the male bustard, under the integuments of 
the front of the neck, and opens by a wide aperture under the 
tongue: its use has not been hitherto discovered.^- 

A very remarkable dilatation of the fauces occurs in the pelican. 
An immense pouch, capable of holding several quarts of water, lies 
between the branches of the lower mandible, and constitutes a reser- 
voir for the food, which consists of fishes. By means also of this 
bag,, the animal feeds its young until they are of sufRcient strength 
to provide for themselves. 

§95. The oesophagus, which generally descends on the 
light of the trachea, as well as its opening into the stomach, 
18 of immense size in many carnivorous birds; considerably 
larger indeed than ihe intestinal canal. The capaciousness of 

* DmertatioPhytwhgieainauguralUdeAlmintinvmconcocthne, i^ucfore Edwardo 
Steveni. Edinb. 1777. 

t Edwards's Natural History rf Birds, torn. ii. tab. 73 ; and Schneid«r«Camiii«n(. 
ad rtUqva lAhvnim, Frtdir. 2n<fi, tom. ii. p. 9. 

H 
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this tube enables it to hold for a titae the entire fid), and 
large bones which these Urds swoUow, and which oannot be 
contained in the stomach ; and facilitates the discharge, by 
vomiting, of the indigestible remains of the food, which fiwiB 
balls of hair, feathers, and bony matter. A tea-guU, winch I 
kept alive for some years, could swallow bones of three or four 
inches in length, so that the lower end only reached the sta< 
macb, and was digested, whilst the rest projected into tlte 
oesophagus, and descended gradually, in proportion as the 
former was dissolved.* 

Proper salivary glands, such as secrete that clear and Ifmpid Said 
cMuthuting the uTiva, do not exist in birds. For maaticatioD, or 
the conuninulton of the food, and its Teductton into a soft paste, to 
which function these glands are entirely subBerrient, n not perfimned 
in the mouth of tliese animata, but in their giszard. Birds, how- 
ever, have 8 very copious apparatns of tboae mucous follicles, which 
form the glandtua labialet, buecalei, Hngualet, &e. of the human sub- 
ject. The sides of the tongue, the under surface of that organ, and 
the entrance of the oesophagus, are beset with numerous openings of 
these glands, which furnuh an abundant supply of viscid mncas to 
defend the tender lining of these parts from the hard bodies wliich 
constitute the food of several birds. These apertures are very con- 
spicuous in the gallinse. The oitrich, in particular, has two flattened 
bodies at the upper and back part of the palate, which may be com- 
pared in some respects to tonsils. The surface of these is covered 
with innumerable foramina, from which a tenacious muctu may be 
expressed. The soft palate is entirely deficient in birds : the nostril* 
(qwn on the bony palate by longitudinal slits, the sides of which 
■re guarded by soft pointed papilue. 
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oU birds keep t^beir foed in the crap. This perl is found in 
kmd Mrdr only, but not in all of these ; it eusts in all the 
gttlBme^ and in some birds of prey.* 

The crop of the common fowl, and of the other gallhuB, is of a 
globular form, and placed just in front of the chest. The oesophagus, 
which opens at its upper part, commences again about the middle of 
the bag,, so that the crop itself forms a cul de sac, or bag, out of the 
regular course of communication between the two openings of the 
oesophagus. In the pigeon there is a spherical bag formed on both 
sides of the oesophagus, which tube itself is very large in the pouting 
p^eon^ and admits of being distended with air, so as to cause the 
appearance from which the name of the bird is derived. In the 
birds which we have now mentioned, the crop must be considered 
as an organ for macerating the dry and hard vegetable substances 
which constitute the food of these animals. The accipitres also have 
this dilatation; but it must be regarded in them merely as a reservoir 
for the food which does not require any previous softening. It is 
wanting in the piscivorous birds ; but its place is supplied by the 
great sise of the oesophagus, in which entire fishes are held until thty 
can pass into the stomach* The heron, cormorant, Bee. are examples 
of this peculiarity. 

§ 97. There is another glandular and secretory organ, much 
more common than the crop, belonging indeed very generally, 
though it is wanting in some birds, as the king's-fisher^ to the 
whole class ; this is the btdbus glandulosus, (echinus, infimdi- 
bubtm^ praventriculus, corpus tubulosum) which is situated 
before the entrance of the oesophagus into the proper sto- 
maeh,^ and whose form and structure vary considerably in the 
different genera and species. In the ostrich^ for example, its 
magnitude and form give it the appearance of a second sto» 
macfa.'f' In some other birds, as the psittaci, ardece, {(cran0^ 
gtarit, ftc.) its appearance is different in form from that of the 
j/tofet stomach, and its size is larger ; while, on the contrary, 
in galKnaceoua birds, it is much smaller, j: 



♦ 8m Wolf, in Yoigt'a Biagasme, toI. i. p. 72. 

i B^Me, ValtftiMri calk it in this animal, thejint itomaeh; see his ^oCwma dWio 
SwrnWi niS, ^ 159 ; and Cavier's Ami. comparSe, tab. 40, fig. 3. 

pfmuk aooiiuit of aof«fal odier ▼aiiationt in the strnetore of this part, in dif- 
fti«M liiids, tec the Pssisian UHmkrtt paw mvir a VHIttoire NatwrelU dm Ani» 

H ft 
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The term bulbus ^landulosus {ventricule taeeenturii, CuTier) is ap- 
i^ed to a small portion of the cesophaffus, just before its terntiination 
in the stomach. This part is obviously rather larger and thicker in 
its coats than the rest of the tube. Its structure may be most clearly 
discerned in the gallinaceous genera. The oesophagus consists, u 
in other parts, of its two coats, the muscular and villouB ; but a vast 
number of glandular bodUt, cylindrical in form, and arrangetl in 
close apposition to each other, are interposed hetneen these tunics, 
and entirely surround the tube, constituting the " zone qf rajfrtc 
elandt," of Mr. Macartney, (Rees's Cyclopxdia, Art. Birds]. These 
bodies are hollow internally, and open into the cavity of the Au^■ 
bui. The fluid secreted by them, which, from their number and 
size, must be fitmiahed in great abundance, passes into the giizard, 
and mixes with the food in proportion as it is triturated by that 
organ. These glands ere much less distinct in those birds which 
live on animal food, as the nccipitret and the piteivorout genera; but 
they exist universally, and their openings can always be discerned. 
The ottrich affords an opportunity of examining them to great advan- 
tage. Id the African species the cesophagus is dilated into an im- 
mense bag, capable of nolding several pints of water, and is five or 
•ix times larger than the gizzard itself, which is placed on the right 
and anterior part of this dilatation. The glands do not aurround the 
tube, so that the term tone would be here inapplicable. They 
ibrm a long but narrow band, commencing at the termination of the 
oesophagus, and running along the front of the bag towards the gis- 
urd. This band measures about twelve inches in length, and not 
more than three at its greatest breadth. The aise of the indiridual 
glands varies: they are largest in the middle, and decrease towards 
either margin of the band. Some of them equal a large pea, and 
their openings are of a proportional size. They arearranged in dose 
apposition to each other, and the inner surface of the pouch is covered 
by a continuation of the insensible lining of the giicard, which aepa- 
y easily from the si 
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f III all animals that live on animal food the solvent glands appear 

• to have a similar structure to that which has been just described, 
only- difiering in size and situation. In the solan goose (pelecanus 
bassamu) these glands are rather larger than in the eagle, but are 

•placed in the duated part of the cavity of the gizzard, forming a 
complete belt of great breadth, consequently are extremely nu- 
merous. 

In the heron (ardea cinerea) they are in the same situation as in the 
solan goose; they are thinly scattered, and do not form a complete 

. belt, being more numerous on the anterior and posterior surfaces. A 
ball offish-bones, held together by mucus, was found in the cavity of 

> the gissard. 

In the cormorant (j>elecanus carbo) the situation of the solvent 

: glands is the same as in the solan goose ; but they only form two 
circular spots, one anterior, the other posterior. 

In all these birds the innef>membrane of the gizzard is soft and 
smooth, but that portion which covers the solvent glands has a more 

. spongy or vilkras appearance ; and this part secretes a mucus which 

'the other parts do not. This fact appears to be ascertained by the 

. following circumstances : on examinmg the gizzard of a cormorant 
that died in consequence of an inflammation in the oesophagus, which 
had been communicated to the internal membrane of the gizzard, a 
viscid mucus was found upon the surface covering the solvent glands, 
and this was not met with in any other part ; so that the mucus had 
been evidently secreted there, and was afterwards coagulated by the 
b'quor of the solvent glands poured upon it, coagulation being the 

• first process which taJces place in the act of digestion. This ex- 
plaina the circumstance of ascarides being frequently found enve- 

• loped in mucus in this part of the cormorant's gizzard, the mucus on 
which they feed being secreted in consequence of the irritation they 
produce on the membrane. In the same manner the flakes in the bi- 
liary ducts of the sheep increase the secretion of the bile by ir- 
ritating these canals, and then feed on it. 

In birds that live upon fish and sea insects with crustaneous 
coverings, as the sea-gull, {larus canus) the gizzard has a horny cu- 

.tkular fining, and the solvent glands are in the same situation as in 
the genvMfalco. 

In those birds that live on land insects, some of whose coverings 
are soft, others hard, there is a difference in the structure of the di- 

: gestive organs from what has been described. The solvent glands 
are placed in a triangular form in the cardiac cavity, and immediately 

: under it is a small gizzard with a horny lining. Of tfiis kind is the 

'Wood'pecker (picus minor), 

' There is still another variety in the structure of these organs. In 

'.the Iktle auk (the alea alie) the solvent glands are spread over a 
greater extent of sur&ce than in any other bird that lives on animal 
tood, and the form of the digestive organs is peculiar to itself. The 

• cardiac cavity appears to be a direct continuation of the oesophagus, 
distinguished from it by the termination of the cuticular lining, and 
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the appearance of tbe mlvent gUnda. The cavity is ceBtiaiied dawn 
with very gradiial enlargement behxw the liver, aad is dien bent up 
to the right side, and terminates in a gieMrd ; when tbe nvitf ia 
laid open, the iolvent gland* are aeen at its upper part, every where 
■nrrotinding it, but lover down they lie principally upon tbe paMe- 
rior Burbce, and where it is bent upwards, tonards the right ride, 
they are entirely wanting. The gizzard has a portion of its anterior 
mi potterior surfacea oppowte each other, covered with a homy cu- 
tide. 

In birda that lire principally on vegetable food, tlie aohcBt 
slancU have a difierent atnieture, according to the aobatanoes tbe 
Dirda are intended to feed upon, and vary in situation according to 
the habits of life. 

In the pigeon (cohunba domttlica) their situation ia the same at in 
the genua faico, but thnr eiae ii small, tbe external orifices bu^, 
■nd tbe coats thin, so that they resemble the glands in die Eagh^ 
heron, having however larger cavities. 

In tbe fUMDi {anai^gttut) the solvent glands appear to be cylinders, 
■B in the genus faleo, but are not strait, bending upon one another 
in a direction oUiqiiely upwards; tbdr internal sarfiKC is not villous, 
!but rather brcriien and irregular. 

In the ^ooir (anai ottacr) they have the same situatiDn, bat when 
laid open, the sides are found to be cellular. 

In the common fmtil {pionatna galltu) these glands are made vp 
of four small short prooeases uniting in a middle taibe, wfaidt jopons 
externally by one orifice. , 

In the lurkij (meUagris gaU<^aro) they consiM of (oat waaU pro- 
cesses, which diverge from each other in opporite directions. 

In many large birds that only walk and run, their wing* beii^ too 
■mall to enable them to fly, tbe digestive organs sre fornied in many 
ects difierendy from those of other birds. 

tn tbe cattaioary {eattuativM ettu) the solvent f^ands are ritnatcd 
' L> cro|) and gizzard, as in msny oihcr birds, but this part 
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ooHkpoied, aad tendons between the two beSet of die nrasde, are 
beMAinmy distinet* 

In ike 4fHcan oHrieh (Uruthio cameltts) tbe -solrent glands are un- 
wnuAt Mmeitius ; liie space in winch they are situated is not onlv 
iMated into a carky, Imt is continned down bdow the Kver, and 
llMn bent np upon itsdf towards ^e right side, where it terminates 
jin a atroi^ gisaard nearly at the same heigbt as the beginning of the 
caffdiae canity. The gissard is unnsudtfy smail, llhe grindmg snr* 
fi^et do not admit of being separated to a great distance from one 
atfolher ; and on one side there are two grooves, and two correal 
ponding ridges on die odier. Beyond the cavity of die gizzard is an 
oval aperture, ^ith six ridges, covered with cuticle, to prevent any 
thing passing out of the gizzard till it is reduced to a small form. 
The cardiac catity of one of these birds was found to contain stanes 
vi wious Baes, pieces of iron, and halfpence ; but, betwieen tbe 
grinding aurfitfes of the gizzard, there were only bmkea glass-bead^ 
of difierent a^onrs» and hard gravel mixed with the food. The 
caaaowary and American ostrich differ from birds that fly, in having 
tbe solvent glands placed in a cavity of unusaal size, and the muscu- 
lar structure of the 'gizzard uncommonly weak ; their mode of pro- 
gression, which is a kind of run, producing so much agitation Jbe- 
tween die stones and the food, as to render a strong muscular action 



Im the 4vdi?a arM^o, a native of BengaL whidi feeds upon catcioa^ 
and ia exceedingly voracious, the smvent glands are difierendy 
formed from those of any other bird ; each gland is made up of five 
or m cdls, and these open into one common excretory duct. The 
ghakb aie di sf wa cd in two circular masses, one on the anterior^ tbt 
other on tbe posterior surface of the cardiac cavity, putting on fL si- 
milar appearance to those of the cormorant, but dinering both in 
aimeiu r e and situation. The gizzard is lined with a homy cuticle, 
UHudy df ^baaame general appearance as that of the crow, and the 
digastric muscle is of similar strei^rth. 

In the parrot tribes, which feed principally on seeds and fruits, 
diere is a different formation of the digestive organs. There is a 
crop on the right side, as in the fowl, but the cardiac portion is 
iNMiSttally laige, and the gastric glands are spread over a consider- 
able portion of its surface, but are wanting at the lower part, and 
immediately below there is a regularly formed gizzard of a very di- 
minudve size. In this respect the parrot accords very neariy in its 
digaariw •rgans to die wood-deckers among those birds that live 
i^Mtt nnmal food, kaving a cavity in which the soft sobslanose may 
be acted upon by the gastric liquor, aYid also a gizzard, in which any 
hanW snbstAWies may be broken down, and by that means vendeced 
fit to be acted upon by the secretion of the gastric glands. 

In examining the gastric glands of tbe Java swallow Sir £. Home 
thought diat be aas^ an obvious diffinenne betwoen tbe apjpeamace 
of the orifices, by which the secretion is forced inio die giaaard of 
this bird, and that of the common swallow. But Mr. Clifl, who saw 
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the preparation to which Sir Everard alludes, has aisured the editor 
that he could not perceive the diiference which Sir Everard mentiona. 
Sir E. Home concludes, from a comparison of the peculiaritiet in 
the structure of the digestive organE in birds generally, and partica- 
larly of the solvent glands, gizzards, and Intestinei in the cautuaiu 
emv, a native of Japan,' the rhea Americana, a native of South Ame- 
' lica, and the tlruthio camelut of Africa, that the giseard becomea 
nore and more Btted to economice the food aa the country to which 
,the bird belongs becomes less fertile, and that the extension of , the 
lower intestines and cceca warrants us in believing tliat the proceaset 
carried on in them render the undigested food subaetvient to the ani- 
mal's support. See Phil. Trans. 1813. 

§ 98. In most birds, the stomach lies at the upper* part of 
the abdomeo, that is, close to the spine, and rests in a nunner 
on a stratum of intestines ; in the cuckoo, however, it lies be- 
low. This peculiarity does not belong exclusively to that cu- 
rious birdi-t* for I have found it in the ramphattos, and the 
eorvut caryocatactet {the nut-cracker). 

% 99. The structure of the stomach differs most widely in 
the different orders and genera of this class. It appears 
merely as a thin membranous bag in several of those which 
feed on flesh and insects, when compared with the thick, nnu- 
cular globes of the granivorous genera. But there are both 
many intermediate tinksi^ between these extremes, and at the 
same time considerable analogies in the stnictores, whichare 
apparently the most opposite. This is particularly observaUe 
in the course of the muscular fibres,} and in the callous struc- 
turc and appearance of the internal coat,|| in which points many 
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Strong in. die giisard (veniricubu bulbosui) of granivorous 
birds.*- We find here, instead of a mnscnlar coat, four im- 
mensely thick and powerful muscles ; viz., a large hemisphe- 
rical pair at the sides, {liUerales) and two smaller ones (inters 
medii) at the two ends of the cavity ; all the four are distin- 
jgubhed, both by the unparalleled firmness of their textureii* 
and by their peculiar colour, from all the other muscles of the 
body. 

The intemieil callous coat must be considered as a true epj- 
demUs, since, like that part, it becomes gradually thicker firom 
preiBsure and rubbing4 It forms folds and depressions to- 
wards the cavity of the stomach, and these irregularities are 
adapted to each other on the opposed surfaces. The cavity 
of this curious stomach is comparatively small and narrow ; its 
lower orifice is placed very near the upper. Every part of 
the organ is, indeed, calculated for producing very powerful 
trituration. The numerous experiments which Reaumur per- 
formed, in order to determine the extent of this triturative 
power, are universally known. There are two curious ob- 
servations on this subject less generally known. Felix Plater 
found an onyx, which had been swallowed by a hen, to be 
diminished by one^fourth in four days ; and a louis cTar lost 
in this* way sixteen' grains of its weight. § The end and 
use of swallowing stones with the food, the well-known in- 
stinctive practice of granivorous birds, have been very dif- 
ferently explained. Cassalpinus considered it rather as a 
medicine than as a common assistance to digestion ; Boer- 
haave, as an absorbent for the acid of the stomach ; Redi, 
as a substitute for teeth. According to Whytt, it is a me- 
chanical irritation, adapted to the callous and insensible na- 
ture of the coats of the stomach. Spallanzani rejected all 



. * J. C. Peyer, Anatome VentricuH GaUhuu^ei, in his Exereit» de Glandulit Jntiitj. 
nor, Scaf bans. 1677, 8. 

t W. G. Muys De Camh Mutculo$48 Structura, Leid. 1741, 4to. tab. 1. 
• X Monro's Essay on Comparative Anatonuf» 
§ See Swanunerdam, BiUia Naturtt, p. 168. 
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■uppoaition of design or object, and thouglit that the stonei 
irere BwaUowed from mere itupidity. I think tiiere is not 
amch sagacity to be discovered in this opinion, vhen we con- 
cider that these stones are so essenliBl to the due digestion of 
die com, that birds grow lean without them, although they 
•uy be aoost copiously supplied with food. This paradoxical 
OI^Dioa has, however, been ah^ady refuted by Hnnter and 
Fordyce.* The use of swallowing these stones seems to me to 
consiat in this, that they kill the grain, and deprive it of its vi- 
tality, wUcii otherwise resists the action of the digestive pow- 
<n. Thus it haa been found, that if tlie oats and barley givea 
to luNctee, are previously killed by heating, the animal bnly re- 
ftiina half the quanlityt and yet (lirives eqoally. 



^ 101. The capaciout oesophagus of the tittle has a v«ry 
atrHiii^ peculiarity in its structure ; its intermd coat is beset 
with innameivbW large, £nn, and pointed processes f irf a 
i^te colour. Their pomts are idl directed towards tlie Btt>- 
nach, and they probably serve to prevent A* retum of the 
fiiod, which can only onter the stomach gi«daa%> 

\ 102. Xlie (SW>phagM of die crocoJik m tt On teatmi 
tluupa i the stomach of the animal resemblei, aMoagh not very 
dosely, diat of the gramvoroua Inrds, in the neamess of its 
bra apertures and the thickness of its coats. 




OM ram oEaopHAous and stomach. 107 



hf digVMi^ niwre ilMgr «e alowly tnljfctei lo fkt Mtioa af 
thegastriejiuce. The whde process aomedmei oocopiei many days, 
or e^^en wecKS* 



f t04f. The oescypiiagas is short in most fishes ; but this 
chMicter is not universal, as Aristotle supposed ;^ nor is a 
long oesoiAuigiis pecnliar to fishes of an elongated form. The 
large stomach of the ietrodom kispidus is particularly wordiy 
of notice, for the animal can fill it in case of necessity with air, 
-BsA di^ge its naturally long form into a spherical onci" 

^rom the peculiar formation of the nose of fisbes, and from their 
resjnriiig by means of giDs, their fauces haye no connexion with any 
nasal cavity, or glottis. 

Ihe oesopb^gns is of gjreat widtb in fidKs, and is dittmguiabed 
with difficid^f in many cases fitmi tbe stomach. These ^"f"*t^ 
swaDow their food wlkJe, without subjecting it to any mastication^ 
and, if the stomach will not bold die whole, a part remains in the 
■sophagns, umtil that wbidi has descended lower is digested. The 
alimentary ami is generally very short ; scmietimes extending 
straight from the mouth to the anus with very little dilaution, as in 
die lamprey (pefro w yum wmrimis), 

§ 105. The siie and form of tbe stomach vajry% very consi- 
derably in this class. Its coats are thin in most fishes, but in 
some they are very thick and muscular,§ and have a callous 
internal covering; still, however, the resemblance between 
these and the stomachs of granivorous birds is very remote. 

INSECTS. 

% 10& I have already observed, on another ocoasion, || that 
the business of nutrition in insects does not seem to have fi)r 
it$ object the mere preservation of the individual, as in most 

* See Niricrai ab Aqoapendente, p. 101 of the edition quoted aboTe. 

^ S. GtoSnj St Hilaire, in hit Deter, de VEgypte Hitt. ^aiunlk, 

t Bepretenlationt of the stomach of several Bshcs may be seen in the ad tcA. of 
GoBfM% SjftitmrfAtmUmy. Lond. 1685 ; and in the MemeirajirmKat h YAenA. im 
Ae. by Vieq d'Asyr. 

^ fUndclct, p. 70. 
In the Handbu€kii€t VmwrgmH^uMu, {Mtinual'rf Ntitunl HiUmf) p.1»8 ; or 
p. 179 of Bfr. Gore's ezceUeat^tnaslalion'of 4fabi iMxk. 



108 



-ON THE (ESOPHAQUS AND STOMACH. 



Ted-blooded aiumals ; bat chiefly the consumption of organ- 
ized matter ; wbicb will appear clearly, from considering the 
Btructure of their alimentary canal.* In most of those which 
are subject to a metamorphous, the stomach, in the larra states 
is of a great size, in comparison with the short intestinal canal ; 
while those, on the contrary, which take little or no nouriah- 
ment in their perfect state, have this organ remarkably dimi- 
nished, and as it were contracted.'}' 

§ 107. Our limits will allow us to take but little notice here 
of the endless varieties and peculiarities of internal structure, 
which occur in the different genera and species of this multi- 
'fbrm class of animals. We shall therefore only bestow two 
words on those of the oesophagus and stomach. In several 
cases the commencement and terminatioQ of the alimentary 
canal, the oesophagus, and rectum, are surrounded by an annu- 
lar portion of the spinal marrow.;^ 

In tlie earwig (forjicula auricularia) the upper orifice of 
the stomach is furnished with two rows of teeth.§ 

In some of the gr^Bi (grasshoppers) the stomach itself is 
small, but the cesophagus much larger. 

- In some species of that genus, particularly in the gryUua 
gryUottUptt, the stomach consists of three or four vesicular 



■ RundcAr Ubtr dU Ver^uungiwvkmgi dtr /mkIm. Uillc, 1811. 

t Compuc, for InMukce, tlie Homtch at (he lim nr the fi'ili' uriieB with that 
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portions,^ which have been compared with the stomachs of 
the ruminating mammalia.t 

We haye ahready (§1) mentioned the stomach of the lobster, 
and some other species of the genus cancer .*;( which is pro* 
vided with several portions of bone* It contains also three 
teethy which, together with the stomach itself, are annually re- 
producedj at least in the craw-fish {cancer astacus). 

The Crustacea, and some insects, are furnished with organs of mas- 
tication of similar structure. Their mouth is formed of two or more 
pairs of jaws placed laterally. These move from without inwards, 
and vice vena, whereas those of red-blooded animals move from 
above downwards, and back again. The parts, which are termed the 
lipsof insects, are two bodies; of which one is placed aboye or in 
front of the jaws, and the other below or behind them. The palpi or 
feelers are articulated io the jaws. All insects, which have jaws, pos- 
sess the power of masticating hard animal and vegetable substances ; 
for these parts are of a firm homy texture, and in many cases are 
very large, when compared with the size of the animal. 

The locusts, {gryllf) the dragon-fly, (/t6e//t</a) the beetles, snd parti- 
cularly the lucanus cervus, or stag- beetle, and the staphylimu maxilio^ 
SM, are examples in which the jaws are very large and manifest, and 
often possess denticulated edges. All the genera of the following or- 
ders have jaws; viz. the coleoptera, orihopiera, neuroptera, and hynie" 
nopiera. The insects of the remaining orders derive their nourish- 
ment chiefly from liquids ; which they get either from animal or ve- 
getable substances by means of a spiral and tubular tongue, or a sofl* 
proboscis, (as in the lepidoptera) with a broad opening, admitting of 
extension and retraction, (the hemiptera) or a homy pointed tube, 
containing^harp bristly bodies internally (the diptera and apiera). 

The stomach of th^ bee is a transparent membranous bag, in which 
the nectar of the flowers is elaborated and converted into honey. 
The animal vomits it up from this reservoir, and deposits it in the 
hive. 

The stomach of the crab and lobster is a very singular organ. It 
is formed on a bony apparatus, in short a species of skeleton; and 
does not therefore collapse when empty. To certain parts of this 
bony structure, round the pylorus,1the teeth are afRxed. Their sub-= 
stance is extremely hard, and their margin is serrated or denticulated : 
as they surround the tube, near the pylorus, nothing can pass that 



• Cufier, in the Mhnoires de la Soeieti d'Hist, Nat. ds Paris, an 7, Ub. 4. 

t Swammerdam, Algem, Verluindel, van de Bloedeloose Dierhens. Utrecht, 1769, 
4to.; and G. H. Velachii, Hecatostea OU, Aug. Vind. 1675, 4to. p. 71. 

X See Roflel. vol. iii. tab. 68; and Fr. Succon. Muohgitp insectorum Specimen, 
Heidelb. 1813. 
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openibg, without being perfectly oommianted. Tlieae bene* and teeth 
are moved by peculiar miiacles, 

VERMES. 

\ 108. We can only select a few instances,* as examples of 
this class, which inctudea a great number of creatures, iU0er- 
ing widely from each other. 

The aphrodite aculeala, (sea-mouse) which is well-known 
OB Kcount of its beautiful colours, possesses a very remarka- 
ble stomach. The form and size of the viscus resemble those 
of a date, while in strength and compactness of texture it ap- 
proaclKB to that of granirorous birds.f 

The oesophagus is expanded into a crop in many tettaceti, 
particularly among the bivahet ; and it is covered iotenully 
with numerous smaU teeth.^ 

The powerful stomach of the buUa ligaaria contuns threa 
hard calcareous shells, by which the animal is enabled to bruise 
and masticate the other testacea, on which it feeds.^ Thii 
stomach was lately taken by some naturalists for a peeuliax 
genus, of an entirely new order of three-thelled testacea. 

* The fblloiriiig lootomiiti bivc given lu repreuDUtiosi of the >li>Baeli, in tiM 
difcent ordcn of Bfnu*, *U. Tjion, of Ui« roand wonn, (Iwibwu tim, attrit 
iumihaiia) in the PUlot. IVbu. toI. nu. No. 147 ; wUcb bij be eoiapwed witb 
Worau, rmnux luimHn. EgMJtw. Lip^ 1783, Ub. 7. WiUii, of ttw mrti, 
MTU, tab. 4; alio VandelU. Diml J* Apnu Tturmit, Im. PataT. 1T5B, Svo. 
Uon^, of tba leach, in tha iUm. dt CAcai. da St. n 1739. Ai weU aj 
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In most of the proper moUusca, the stomach is of a simple 
membranous structure^ and of very different comparative mag- 
nitudes. I have found it very large in the scyUaa pelagicum. 
It occupies the greatest pari of the body in the leech, and is 
divided internally by means of ten imperfect fleshy partitions, 
into somewhat separate portions. 

Lastly the armed polypes {hydrce) and other similar «oo- 
phytes, can hardly be considered as any thing more than a 
mere alonack, haying its openings furnished with tentacuta* 

In those moUuicai which possess jaws, these parts are fixed in the 
flesh of the animal, as there is no head to which they can be artjco'- 
lated. They are two. in number in the cuitle-JUhf are coropesed of a 
homy sabstance, and resemble exactly the bill of a parrot. They are 
placed in the centre of the lower part of the body, and are surround- 
ed by the tentacula, which enable the animal to attach itself to any 
dljeets. By means of these parts, the shell-fish, which are taken fi>r 
food are completely triturated. The common snail and shtf^ have a 
single jaw, semilimar in its form, and denticulated. The iruonia has 
two jaws, which act like the blades of a pair of scissars. The other 
molttuca nosscps no organs of this kind ; but have, in some instances, 
a sort or proboscis ; as the buccimmi, mwrex, valuta, doria^ iCfllmOf 
&c. 

In the warmtf nroperly so called, there are sometimes hard parts 
forming a kind ol jaws or teeth. Thus in the nereis^ the mouth pos- 
sess^ several calcareous pieces. The aphrodite {sea-mouae) has a 
proboscis, fumished with four teeth, which it can extend and retract 
at pleasure. Within the mouth of the leech are three semi-circular 
projecting bodies, with a sharp denticulated edge ; by this apparatus 
the animal inflicts its wound of the well-known peculiar form in the 
skia. 

The teeth of the echinus (sea-hedgehog) are of a very singular ar" 
rangement ; a round opening is \eh in the shell for the entrance of 
the food ; a bony structure, on which five teeth are placed, fills up 
this aperture ; and as these parts are moved by numerous muscles, 
tlm form a very complete oi^^an of mastication. 

The stomach of the vennes is, in general, a membranous bag ; but 
in some cases its structure is more complicated. In addition to the 
instances mentioned by the author, we may observe that the helix st&g-^ 
naliSf and the onchidia have gizzards. The apfysia has three Mtraag 
nuscuiar stomachs, provided with pyramidal bony processes. This 
stmotwe, together with that of the bulla lignaria, and of the lobster 
and crafj, presents a new analogy, as. Cuvier has observed, between 
the membranes of the intestines, and the integuments of the body. 
This is particularly strengthened by the annual shedding of the lob- 
ster's teeth, fHien its crustaeeous covering foils off! 
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OK THE INTESTINAL CANAL. 



MAMMALIA. 

^ 109. The intestinal canal (which is the most common part. 
ID the whole animal kingdom after the stomach), is distin- 
gaished in this class by two peculiarities, which depend on 
the mode of nutrition. It is comparatively shorter in camho- 
ro»t animab, and there is also in these less difference to 
external appearance between the small and the large intestine, 
than in the herbivora. Yet these rules are not without their 
exceptions. For the seal has very long, and the tloth very 
short intestines ; the badger, which is not a proper camiTo- 
rous animal, and several true herbieora, aa, for instance, the 
reB-mouae, [glit eaadentus) have no distinction between the. 
large and smi^l intestine. 

It is worthy of notice how the calibre of the ibtestines and 
the strength or thickness of their tunic bear no definite pro- 
portions to each other. Hence the sraaU intestines of a full 
grown »eal, which are very long, and of the size of the little 
finger in thickness, have much stronger tunics than those of 
the oposMum, the calibre of which is equal to the sise of the 
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there are culs de taCf which retain the aliment for a long time in the 
carity. The formation of the jaws and teeth, and the more or less 
perfect trituration and comminution which the food experiences in 
the mouthy must lil^ewise be viewed in connexion with the length and 
structure of the alimentary canal. 

The whole length of the canal is greater in the mammalia than in 
the other classes. It diminishes successively, as we trace it in birds, 
reptilett and jisAfi, being shorter than the body in some of the latter 
animals, which is never the case in the three first classes. 

In omnivorous animals, the length of the canal holds a middle 
rank between those which feed on flesh, and such as take vegetable 
food. Thus, in the rai, its proportion to the body is as eight to <me ; 
in the ptg thirteen to one ; in mam six or seven to one. The diminutioii 
in length, in the latter case, is compensated by other circumstances, 
viz. the numerous valvulae conniventes, and the preparation which 
the food undergoes by the art of cookery. 

In carnivorous animals every circumstance concurs to accelerate 
the passace of the alimentary matter. It receives no mastication ; it 
is retained for a very abort time in the stomach ; the intestine has no 
folds or valves ; it is small in diameter ; and the whole canal, when 
compared to the body, is extremely short, being three or five to one. 

Trie ruminating animals present the opposite structure. The food 
undergoes a douUe mastication, and passes through the various ca- 
vities of a complicated stomach. The intestines are very long ; twenty- 
seven times the length of the body in the ram. Hence the large intes- 
tines are not dilated, or cellular ; nor is there a ccecum. The soHpedd 
have not such a length of canal, nor is their stomach complicated ; 
but. the large intestines are enormous, and dilated into sacculi : and 
the ccecum is of a vast size; equal,, indeed, to the stomach. The 
Todemiay which live on vegetables, have a very large ccecum, and a' 
canal twelve or sixteen times as long as the body. In the ro/, 
which can take animal as well as vegetable food» the canal is shorter 
than in the other rodeniia. 

There are some exceptions to the rule which we have just men- 
tioned respecting the length of the canal in carnivorous and herbi- 
yorous animals. The seal, which takes animal food, has very long 
intestines : the Mca^oiter resembles it in this respect, and differs 
therein most remarkably from the common otter, which resembles 
other carnivorous animals in the shortness of its intestinal tube. 
The leuffth of canal in the former is twelve times that of the animal ; 
aind onfy three times and a quarter in the latter. (Home, in the 
Philoi. Trans, 1'790, part 2.) Whales have likewise a longer canal 
than other carnivorous mammalia; their stomach is complicated, 
and the intestine has longitudinal folds. It seems, therefore, that a 
considerable length of intestinal canal is found in all mammalia 
which live much m the water, although they are carnivorous. 

The plantigrade animals, which have carnivorous teeth, but foed 
equally wdl on vegetables, have a long canal ; but it is very narrow, 
and possesses no coecum, nor distinction of large intestine. 

I 
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A ipeciea of bat (vetpertiUo Moclula), leenia to have the (hortcst 
intestinal cana] of any raamiaalia : it ii only twice the length of the 
animara body. On the contrary, the renuaettt (vetp. w w wi ynw , Lmn. ■; 
taainvt, Blum.) which lives entirely on vegetable*, has U seven diBM 
as long. 

A remarkaUe difierence i* observed in the length of the canal be- 
tween the wild and domesticated breeds of the same speaeM. Id ths 
ttx'U boar the intestines are to the body as nine to one ; in the tarns 
animal these proportion* are a* thirteen to (me. In the dowiaiie 
e»l, five to one ; in the vdid eai, three to one. In the btiU, tweaty- 
two to one ; in the buffalo, twelve to one. They are, on the con- 
frary, longer in the wild than in the tame rabbit ; the p r tyortiona in 
the former being eleven, and in the latter nine to one. 

The proportion of the intestinal canal to the length of the body io 
hirdi, is as two, three, four, or Kve to one. It is not always lon^^nt 
and largest in the graminivorous species, as many pisdvorons buds 
have it equally long. 

It is hardly twice the lengtli of the body in many reptiltt; and not 
•o much in the frog, although it is nine times as long as the apace 
between the mouth and the anua in the tadpole. 

The alimentary canal of some fishes is continued straight firotn th« 
month to the anus, and does not therefore equal the length of the 
body. The lampreji, Juite, and ikark, are thus o 



^110. The valvulse conniventes of the small intestine are 
more faintly marked in most mammalia than in nun ; in some, 
indeed, they do not exist at all, and this happens both in car* 
nivorouB and herbivorous animals. In the cHacea, on the 
contrary, the internal surface of the intestines has longiUl^oal 
folds of a ug-xag appearance. 

The possession of a villous coat for the absorption of the 
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§ 1 II. There \b great variety with respect to the coecum in 
this order, even in the different species of the same genus. 
Many, particularly of the carnivarag have none; it is also 
wanting in some herbivorai as the rell-mouse. In others of the 
latter description it is often of enormous size. Thus in the 
hare and rabbit it is longer than the whole animal, and fur- 
nbhed internally with a peculiar spiral valve. The marmot 
of ike eape^ (hyrax eapensis) has first a large coecum, and 
then^ further on, two other conical blind appendices.* 

The appendieiJa termifarmu is wanting in many mammalia; 
even in some of die simue, as the sihanus^ &c 



Most of the animals which have a vertebral column, have the 
intestine divided into two parts ; viz. the large and small. I'he lat- 
ter is conimooly the longest, smallest in its diameter, and villous on* 
its internal surface. The former is often thicker in its coats, and 
very rarely villous. In those mammalia which have this distinction, 
the separation is narked by one or more appendages, which have 
iJBm name of caatm when large, of vermiform appendix when slender* 
MtMf the orang'Cutaigf and the phascolome, (a species of rat having 
an abdominal pouch, from New Holland) are the only animals 
which have bodi coecum and appendix. The omithorhynchut hystrix 
has an appradix only; and most other mammalia have only a coecum. 
All the iiwiia^ except the orang-outangs have a coecum, like that of 
man, but want the appendix vermiformis. 

Several possess neither coecum nor appendix, as the edentata^ 
(except the proper ant-eaters) ; the tardigrada^ the bats, the pkiMti'^ 
gradot except the ichneumon, the mmtela^ and die viyoxt {dormice) ; 
and the cetacea. 

A valvula coli shews the distinction between the large and small 
inCesdne, where the ooecmn is wanting^ as in the sloth and armadiiio^ 
When this distinetion does not exist, the large intestine is charac- 
terized by the want of villi, by a greater thickness of its coats, and 
particularly by a strong layer of longitudinal muscular fibres. 

In animah, which have a coecum, this part appears to be merely a 
nMdongation of the lai^ intestine bdow the termination of the smalL 
Yet in some cases, the large intestine retains only for a short space 
the same structure which the coecum possessed, as in the flying 
iemur, (Kafrcpithecui) the cpos^um, most of the rodemtia and ruminaniia, 
in iht herbivorous nuannudia the coecum is generally large and cel- 
lular; and it is even so in omnivorous aninials, as in man, in the 
genus tiffita, and Umwr, In the ruminantia^ where the stomach is 
tery complicated, the coecum is of a moderate size, and uniform. It 



♦ F^UflS, SpiaUgia TMogka, torn. ii. ttb. 3, fig. 7, 8. 
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i« large and cellular in thejfyii^ Umw and opoiatm, which are lap- 
poaed to live much on animal substances. 

' The coccum of the true carnivorous mammalia is constantly small, 
and uniform in its cavity ; and the rest of the lar^ intestine haa the - 
•ame characters. The large intestine of the herbivora is cellular, 
excepting the ruminantia and some of the rodentia. 

It may therefore be stated aa a general rule, that the existence of 
a large ccecum shews that the animal feeds on vegetables ; attd that 
carnivorous roammalia have either none, or a very small one 

The ornithorhynchnt paradozui and iyilrij: have the end of the 
rectum forming a cloaca, as in birds. The urinary bladder opens 
into this part. The penia of the male is contained within it; and' 
tbe hams of the uterus open into it in the female. Home in the 
Pkilos. TVotu. 1802, pt. 1, of the ornithor/iyncluu paradoxus, ft.% of 
tbe arnilhorhyitchMi hyttrix. 

^ 1 12. In most herbivorous animals of this class, the colon 
is large, long, and divided into cellular compartments. This 
is remarkably the case in the elephant and hone. The large 
intestine of the latter is twenty-four feet long ; while, on ^e 
contrary, in a moderate sized dog it is ahout six or eight inches* 
The rectum of the latter has strong transverse folds which con- 
tract it, and render the evacuation of the feces difficult. 

In a few instances, as in the beaver and tlotk, but most re- 
markably in the omithorht/nchus, the rectum and urethra have 
a common termination, which may be compared to the cloaca 
of birds. 

As we have spoken above of the beMoart and other concre- 
tions formed in the stomach, we must here take notice of the' 
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millers* horses, which have been fed for a long time with bran 
and mill-dust ; there is usually only one, but sometimes more ; 
diey are most frequent in the colon, and have very seldom 
been found in the stomach. They are not discovered in ge- 
neral until the death of the animal ; but I find an instance, in 
the EpUiohe de Re Nttmismaiica ad Z. Goeziumf of a horse, 
which voided a stone of the above-mentioned kind, as large as 
a hen's egg, every month with his faeces. 

A species of globular concretions, very different froiti 
these intestinal stones, is occasionally foimd in the colon and 
coecum of the horse. It is composed of fine vegetable fibres, 
and resembles, on the first view, the balls of the chamois. 
Hence Lafosse, who has described and delineated them, calls 
them €Pgagrcpike, by way of distinction from the true intes* 
tinal stones, which he terms bexoar equinum.* Like the balls 
of tHe chamois, they are much lighter than intestinal stones ; 
and two of them are not unfrequently found together, one 
being inclosed within the other. 

The fecal indurations of the cacfialot form the valuable 
substance known by the name of ambergris, which was for- 
merly considered as an animal excrement, but has been sup- 
posed latterly by some to be a fossile substance, by others to 
be a vegetable resin : its animal origin is now placed beyond 
all doubt. Sir Joseph Banks uiformed me, that according to 
what he could learn from the English South-Sea whalers, the 
faeces of the cachalot, which are nearly fluid in a healthy 
state, are hardened into this ambergris by a kind of constipa- 
tion; hence it is only found in weak and exhausted animals, 
smd the firmest and most valuable comes from such as seem to 
have died of the complaint which it has occasioned. 

BIRDS. 

: ^ 113. The alimentary canal in birds is much shorter than 
in the mammalia; it is also generally shorter in carnivorous 



* See hU Gwn d^Hippiairiqiu, p. 158, tab. 51, 
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birds tliAn in such as derive their food from the vegetable 
kmgdom. There is hardly any perceptible external difl^rence 
between the large and small intestine ; indeed, the comtneoce- 
nient of the canal is oflen larger than the tenmnotioii. 

§ 114. Most birds have two coeca, which are of coasiderable 
length in some species of the gallinaceous and aquatic tribes. 
They are characterized in the ostrich,* by a reniarkaUe b^ 
ral valve. Some few aquatic birds have only a single caecum i 
and some, particuUrly among the birds of prey, want it en- 
tirely. 

§115. 14ie rectum encU in a part called the doaca, which is 
an expanded portion, containing the terminadon of the ureteiVr 
the genital organs, and the burta FaMcii, This latter part 
varies in form in tfae different species, being oval or ekti^ted, 
&C. ; it is largest in young birds, and » so contracted in oldex 
ones, that it will hardly hold a miUet-seed in an old cock.f In 
the otlrieh the cloaca forms a large spherical bladder ; a si- 
milar structure ia observed in tfae gosbamt and in the grejf 
heron. 

Hie huna Fabrieii ii im oval membranoos bag, situated at the up- 
per or back part of the cloaca, into which it opens by s aKt-sbaped 
aperture. lu size is proportionate to that of the animal ; being one 
inch and a quarter long in the goose, and half an inch broad ; and 
about a quarter of an inch long in the tpamw. According to the 
aecorate obserraiionH of Mr. Macartney, its coats contain nanterons 
glandular bodies which furnish a mucous secretioli. (Article Birds, 
m Rees's Cyclopedia.) 
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I found diese foIcU so large and numerous in the rectum, that 
a transverse aection of the gut presented the appearance of a 
broad radiated ring. 

That portion of the small intestine which corresponds to 
tlie j€|}iinam was beset, in the animal which I dissected, with 
innumerable small processes, like the appendicuUs epiphiap, 
whiph are occasionally found in some mammalia. 

1 117. Id the rtnged-^naie, (coluber natrix) the whole 
length of tiie intestinal canal does not equal that of the ani* 
maL The small intestine forms a very considerable/a&ypiaii 
€i«Im, by a prolongation at its entrance into the large. The 
termination of the small, as well as the large intestine, the sto- 
midb, ftnd Ibe cesophagus (which is one third of the length of 
tbe wbofe aiianal) have longitudinal folds* internally. 

FISHES. 

^118. Tbe intestinal canal of this class, with a very few ex« 
ceptions, is exlvemely short. In some, as the torpedo,f it is only 
half as long as the stomach. However, the passage of the 
cbyle, and afterwards of the faeces, through the intestine, is 
lengthened in this, and some other cartilaginous fishes, by a 
spiral valve.!|: 

In the ttmeture and formation of the coats of the intestinal canal 
there are not many difierences in the mammalia. True vaivula camd* 
vcnt€$ seem peculiar to man and the monkeys. But the internal sur- 
face of the intestine is always villous, and generally deserves that 
appellation more than in the human subject Some of the carnivora, as 
the dog, have very long villi, and this class has, in general, more 
muscular intestines. A considerable number of mucous glands is 
found near their ccBCum, when they have one. But the seal has these 
glands in greatest number, and most distinct They form, in that 
animal, a regular and unbroken series through the whole length of 



• See Charas, NonvelUs Experiences sur la Vipire. Par. 1672, Bvo.; and Tyson's 
Anttom^efa Ratilemake, Philos. Trans, vol. xiii. No. 144. 

t Lofnuioi, Omrvatumi inUnmo alia Torpedhu, Fior. 1678, 4to. tab. 2. 

^ It it delineated from another apecies of ray by Swammerdam, in the 4th edi- 
tei of Bartbolin'a AnaUimy. Lngd. Bat. 167S, p. 297 ; which contains much Ta« 
loabW inibrmation in soolomy. PerrauU has represented it in a thark, EuaU (U 
Physique, vol. iti. 
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the lower ponion of the amall intestine, and we very visible on ac- 
count of their colour. 

The viUouH coat of the intestine forms numerous oblong proceaaes 
in the rhinoceros. (Philos. Trans. 1801, pt. 1.) 

The villi in the small intestine of birds are remarkably long, nu- 
merous, and elegant. They aie most distinct and dearly developed 
in the graminivoroui birds. In the oitrich they are rather flat thin 
laminte than villi, hut at the same time long and numerous, so as to 
present a very elegant structure. The Urge intestine of birds is uni- 
nirm on its surface, but the ostrich presents a very remarkable devia- 
tion, for its large intestines, which are very long, have numerous 
transverse folds like the valvule connivences of man. 

The intestine of the turtle is covered with innumerable thin longi- 
tudinal processes, lying close together, and increasing the surface of 
the gut to a vast extent. These ari: most numerous in the upper 
part of the intestine, and gradually diminish in number below, untQ 
they cease altogether. In this respect they resemble the yalvnles 
conniventes of man, and the villi of all animus. For these structures 
are always most distinct at the commencement of the canal, where 
absorption of the chyle goes on to the greatest extent. As the ali- 
mentary matter becomes deprived more and more of its nutritious 
parts, as it descends in the intestine, a less complicated apparatus for 
absorption exists in the lower part of the canal, and is sufficient fiw 
taking up the small remains of really nutritious parts. This circum- 
stance is illustrated in the longitudinal folds of the cetaceous animals. 
At the commencement of the intestine there are Ibur or five of these ; 
at different distances we meet with four, three, two, one, and lastly 
the lur&ce is completely uniform. 

^ 1 19. The appendices ptfloricee (which are found in all 
fishes, with a very few ezcepdons, as the ^ie) somedmes open 
at the lower orifice of the stomach, but generally at the com- 
meticeinfnt of the intestinal canal and secrete a fluid, which 
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bodyi* which has been compared to the pancreas of warm- 
blooded animals. 

INSECTS. 

§ ISO. Similar blind appendices {vasa varicosa of Swam* 
merdam) are found on the short alimentary canal of several 
insects, which is particularly distinguished from that of red- 
blooded animals by the want of mesentery, t Some zootomists 
have considered these appendices as small intestines, others 
as biliary ducts, and others as lacteal vessels. 

VERMES. 

§ 121. Sevenlmottusca have these appendices on both sides 
of their short intestinal tube, as the aphrodite acukata* 
Those testaeea which remain fixed in one situation, have a 
shorter and more simple intestinal canal than those which have 
the power of locomotion. The rectum, according to Poli, 
passes directly through the heart in most of the bivalves. In 
the slug, {Umax) as well as in the similar animal, which inha- 
bits a sheU, {helix) the rectum opens on the front of the /im- 
bus, close to the air-hole. The leech can hardly be said to 
possess an intestine ; yet it has an anus at the end of the tail, 
firom which some little faecal matter is discharged, most of this 
being evacuated by the mouth. The armed polypes have no 
opening of tlus kind. ' 

As the part of his work which the author has devoted to the ali- 
mentary canal of the lower orders of animals is very short, and as the 
subject is interesting in many points of view, it seems right to sub- 
join a somewhat more ample account. 

The simple globular hydatid, which is frequendy found in the dif- 
feateoi viscera both of man and quadrupeds, has been supposed by 
some to be an animal consisting entirely of a stomach. Doubts, how- 



• The coDsequences which may be drawn from this circumstance towards the elu- 
cidasioii of the business of secretion, have been already pointed out in my Instk, 
PkyM. p. 401, edit. 4. 

t On this subject, as well as on several of the following chapters, the references 
conlamed in the notes to the 107th and 108th paragraphs may be consulted. See 
«bo lUmdohr, iiber die Vardauungtwerkuuge der Inseettn, 
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ever, have lately been raised, whether this be really hm itnni^. 
The reader, who wishei to Bee the arguments on both aides of tbe 
queitiOD, may consult the " ObtfrviUioru on the Manner in xohieh Hy- 
datid! grow and mulliply in the Human Bodi/," by Joho Hunter, M. D. 
in the l«t vol. of the Tramacliom of a Socielj/for the impraetment qf 
Medical aad Chinrgical Knowledge ; and the note to tfae 83d pva- 
graph of this work. Even if it neie allowed that these bags are ani- 
msu, it does not follow that their cavity is a stomach ; and the at- 
tAchment of the young to the sides would rather justify na ia coui- 
dering it as the organ of getteration. 

T)^ hydatid, which is more frequently found in animals, which 
pOMesies a head and mouth like the ttenia, enabling it to attach itself 
to parts, and which can be seen to move when placed in warm wster, 
is generally allowed to possess an independent vitality. But whethFer 
the bags of water, which form it* body, be a stomach, is certainly 
doubtfuL 

The moat simple fbrm of an aKmentary cavity exiata in (he cora- 
moa fresh-water polype (hydra). It appears to be excavated in the 
substance of the body, and has a single <^>ening, situated in the cen- 
tre of the space surrounded by the tentacula. The nutritive matter 
soaks immediately into the body, and imparts its colour to the 
animal. 

The large maaaea of gelatine, called medutg, which leaemUe in 
form miuhrooma, and are found floating in the sea, have a somewhat 
similar structure. A stomach is hollowed out in the pedicle, and 
venels, commencing from its cavity, convey the nutritions fluid over 
the body. Sometimea the stotnadi has a simple opening ; in other 
casas there are branching tentacula, on which canals commence by 
open orifices : these unite together to form larger tubes, end the suc- 
cessive imion of these vessels forma at last four trunks, which open 
into the stomach, and convey the food into that- cavity. This rtry 
singular structure constitutes a remarkable analogy to the roots of 
troL-s ; and Ciiv'ier lias Toriiicd a new geniis under an njipellallo ' 
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▼ery small one. (Legons d*Anat, comp, torn. iv. p. 141 ; Dumerily 
on the contrary, denies its existence. Zoologie Anatomique^ p. 298.) 

The common earth-worm {lumhricus terrestris) has a long canal di- 
vided by several partitions. 

The aphrodite acuieata has an intestine running according to the 
length of the body, and sending off on each side several blind pro- 
cesses which enlarge at their termination. 

In the proper tnoltusca, besides the stomach, which has been al- 
ready noticed, there is an intestine, seldom of considerable length, 
makmg some turns in its course ; it passes, in all the acepAaloiu moi- 
kfcOy through the heart* 

The intestinal canal of insecti varies very much in the difierent 
genera and species. It may be stated on the whole, that a long and 
complrcated intestinal tube denotes that the insect feeds on vegetiu>le8 ; 
while the contrary characters indicate animal food. 

Great difierence is found, in some instances, between the iarva and 
the perfect insect The voracious iarva of beetles (scarabai) and 
butterflies have intestines ten times as large as the winged insects, 
which are produced from them. 

In the dragon-fly y (Jibeiiula) which is very carnivorous, the inlet- 
tine is not longer than the body. There is a small but muscular sto- 
mach. 

The orthoptera (which class contains the locusts, &c., well known 
for their destructive powers) have a long and complicated alimentary 
appat'atus. They hate first a membranous stomach. This is suc- 
ceeded by another cavity covered internally with scales or teeth^ and 
possessing a very thick muscular coat; in short, a true gizzard. 
Round the end of this the coecal processes are attached. Tnere is, 
lastly, an intestinal canal differing in length and diameter. 

The alimentary canal runs straight along the body in the cruUacea^ 
and is uniform in its dimensions, excepting the stomach. 



CHAPTER VIII. 



ON THE LIVES, SPLBEH, AND OMENTUM. 

§ 12S. We may conveniently collect together, in thia chap- 
' tej, whatever is to be aud concerning the liver, spleen, and 
omentum ; since these parts are connected with eadi other in 
their funcUons. 

The spleen and omentum seem to be less constantly found 
in the animal kingdom than the liver, and to be in a manner 
subservient to the latter viacus ; which, on the contrary, exists 
in every class and order of amntals that is provided with a 
heaxt and drculaUng system.* 



^123. Besides the less important variations in sise, colour, 
diviuon into lobes, &c., the liver of these animals is distin- 
guished by two chief differences ; first, in some genera and 
species it transmits all the bile immediately into the duodenum. 
Secondly, in several others a part of this fluid is previously 
collected in the gall bladder. Animals of the hortef and goat 
kind, and some of the cetacea, afford instances of the want of 
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the liver into this bladder, as in the homed cattle. It deserves 
to be remarked here, as a peculiarity of the liver of some four- 
footed mammalia, which live in or about the sea, namely, the 
polar bear and some seals, that it seems to possess some poi- 
sonous or noxious qualities when employed for food. Heems- 
kerk's companions experienced this in the former instance at 
Nova Zembla ; and Lord Anson's squadron in the latter, on 
the coast of Patagonia. 

In the ox and sheep the spleen is distinguished by a pecu-' 
liar cellabr* structure from the merely vascular texture which 
it possesses in other' animals of this class. Perhaps this differ- 
ence in texture may lead to the discovery of the true functions 
of this viscus, the use of which is at present unknovrn.t 

Mammalia'^: alone possess a true and proper omentum ; and 
the part which has been called a spleen in other animals is 
very different in its structure, connexions, &c. from the same 
viscus as it exists in this class. I quote only a single instance 
of the peculiar appearances of the omentum in particular spe^ 
cies ; viz. that of the racoon, {ursus lotor) which has a very 
remarkable structure. It is comparatively large, and consists 
of innumerable stripes of fat, disposed in a reticular form, and 
connected by an extremely delicate membrane, resembling a 
spider's web. I have also found it particularly large in an old 
lioness. 

The liver of mammalia is in general divided into more numerous 



* Stokdey on the SpUtn, Ub. 3 and 4. 

The b^atico-CTstic dacts, and the cellular structure of the fpleen, are the more 
wordiy of mention, as they have given rise to errors in physiology. 

t On the singiilar pustular eruption, which sometimes appears on the spleen of 
hydrophobic animals, as the dog, fox, and cat, see Locher, Magnum Uenis in hy- 
drophobia Momentum, Gott. 1822. A similar conformation has been discovered by 
Neergaaid in the Racoon, See his Vergleithende Anat, der Verdauungtwerkzeuge, 
$6, fig. 4. 

t See A, G, Stosch De omentii Mammalium, partibusque illis simiUbua aliffrum 
AnimaUum, Berol. 1807. A description of the spleen in many birds, amphibia, and 
fishes, will be found in Moreachi delta MUsa in tutti gli Animali vertebrali. Milan, 
1803 ; also C. F. Heusinger, uber den Bau und die Verrichtung drr MiU, Thionv. 
1817. 
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lobes, and the diTiiiom are cmnied deeper into its aubetance, than in 
th« human subject. Thii is particularly the case io the eanivora, 
wbei« the dlviiions of the lobes extend tlirough the whole mats. 
fiot the utility which Monro has assigned to this stiuctore ; vis. that 
of its allowing the parts to yield and glide on each other in the xwpA 
motions of the aniiUBl, carries very little plauaibiUty with it. (fiway 
on contparativt Anatomy, p. 11. J 

In many animals of this class, as the korae, the ruminaniia, the pa- 
d^dermala, end uikalti, the liver is not more divided than in man. 

The duetut chaledochut forms a pouch between the coats of the at- 
t^rrti"", for receiving the pancreatic duct, in the eat and cUpkanl. 

All the quadrumana, camivora, and edentata have a gall-bladder. 

Many rodeniia, particularly among the rats, want it. Tbe tardi~ 
grada; the elephant and rhinoceros, among the pachydermata ; tbe 



genus ctnmt and eameUit among the ruminating animals ; the to- 
Tipeda ; the tricheau and porpoiie also want this part. It does not 
exist in the ottrick and parrot, but is ibnnd in all the rtpiila. Cu- 



vier thinka that it belongs particularly to earatrorons aniiBab ; that 
itisGonnected with their habit of long iaatiog, and serves as* reser- 
TOii for the bile. 

All the mammalia which want it, except the porpoite, are vegetable 
eaten ; and most reptiles, which univerully poaaeaa it, live on aninal 
food, (Lcfoiw d^A»at. comp. torn. iv. p. 37.) 

The valvular transverse folds of the cystic duct belong onfy to the 
timia, besides the human subject. 

The spleen of the omithoryiiehM hy»lrix is composed of two lobea ; 
the anterior aomewhat long and thick, the poiterior braader and thia- 
ner. Both run obliquely towards the right aide to meet at an acute 
an^ in the left hypochondrium. Tbe texture ia loose and apongj. 
See Meckel De OmilhorMyneho paradoro, p. 48, Ups. 182& 
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iNit not always, preceded by one or more pancreatie duett, and fot- 
]ofi«d by tliat of the cystic duct. 

The fundus of the gall-bladder receives branches from the hepatic 
duct, but that tube sometimes unites with the cystic, as in the 
duck. 

AMPHIBIA. 

I 

} 125. The liver, in these animals, is universally of consi- 
d^able siie ; and in some instances, as the salamander^ of im- 
mense magnitude. I know no species in which the gaU-bladder 
b wanting. 

The yellow appendices {ductus adiposi, appendices lutea) 
which are found in the/ro^, on either side of the spine, above 
the kidneys, and sometimes form one mass, sometimes are (U- 
vided into several smaller portions, were considered by Mal- 
jMghi as a kind of omentum.* That this resemblance ifi very 
remote, appears frcmi several circumstances ; and particularly 
from the constant and remarkable variations of size which oc- 
cur in these parts at the pairing season. 

In the tortoise the liver has a peculiar conformation. It is divided 
into two round irregular masses, of which one occupies the right hy- 
pochondrium, and the other rests on the small curvature of Uie sto- 
mach. Both are connected by two narrow branches of the same 
structure, into which the principal vessels run. In the greai Uzardf 
in the geckos^ dragons, iguanas, it forms only a single mass, flat or 
convex below, ana concave above. Its free edge in the dragons has 
two fossse, which divide into three lobes, of which the right is pro- 
longed into a sort of tail. In the geckos it has only one fossa, and 
the rifffat side is also longer than the lefl. In the common iguana it 
extenos into a long appendix. In the crocodiles and chameleons the 
liver has two distinct lobes. In the latter it has also a long appendix. 
It has but one lobe in the serpent tribe, in which it is long and cyhn- 
drical. There is but one also in the salamanders, but there are two 
in ikefiog genus. 

FISHES. 

§ 126* In many animals of this class, the short intestinal 
canal is surrounded, and as it were consolidated with a long 
liver. Some fishes, which are almost destitute of fat in the 



* J}§ OmmU0 a Adipotii Ductilmi, Op«r. too. ii. p. 35, &c. 
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KSt of their body, have an abundance of oil in the liver; as, 
for instance, the liate and cod. It is wanting in some few 
species. 

The spleen gradually diminislies in size fram the mammalia to 
fiahea. In the porpoUe there are several amall spleeos ; nipplied 
from the aneriea of the first stomach. It is always attached to the 
Arst, when there are several stomachs. 

In birds it is always near the bulbus glandulosus ; but does not 
lie constantly very close to the stomach in reptiles : as it is fbnnd in 
the mesentery of the fio^. Neither is it very imiformly situated in 
Mm. 

The size of the liver is generally very considerable ; its colour is 
frequently yellower thsn in reptiles, and its divisions are as uticertain 
as in the three preceding classes, so that they frequently vary, even 
in the diScrent species of the tame genus. Its cooiistence is also 
less compact than in the three classes ; benre its parenchymatous 
texture readily dissolves in spirits of wine, and leaves the vessels of 
the liver exposed. In general its divisions are few ; very frequently 
it only forms one mass, sometimes however it has two lobes, occa- 
sionally three, but very seldom more. 

It rarely happens that the difTereat branches of the hepatic ca- 
nals unite in one duct, they open successively into the gall-bladder 
or its canal, whence the whole of the bile ia conveyed into the ioles> 
tine. The diameter of the cystic duct is always much laroer than 
that of the hepatic, but its siie does not increase after its junction 
with the other ducts. In the rays the gall-bladder receives several 
very fine hepatic canals; afterwards the hepatic canal furnishes a 
principal branch, which comes from the middle lobe of the liver, 
and joins the cystic duct at a short distance from its origin. The 
dJGferent branches of the hepatic canal uoite in the qrngnaf Aim ptUtgi- 
ink, which joins the cystic duct. In the letrodons, the 
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The large adipose substance which occupies the greatest 
part of the body of larvae, and of several insects, has appeared 
to some zootomists to resemble the omentum,* 

VERMES. 

§ 128. The organs which secrete and contain the fluid of 
the cuttle-fish have been regarded as of a biliary nature. 
Thus, the mytis has been called the liver, and the ink-bag 
the gall-bladder.i- 

Several testacea^ particularly among the bivalves^ have a 
liver surrounding their stomach, and pouring its bile into the 
cavity:^ of that organ. In many snails it occupies the upper 
turns of the shell«§ 

A liver exists in all the molluKa^ and is verv large ; but this class 
has no gall-bladdCT. The liver is supplied with blood from the aorta, 
and there is conseqnendy no vena portarum. 

It is a completely mistaken notion, that the black fluid of the 
cuitle-JUh is its bile. The ink-bag is indeed found hetween the two 
lobes of the liver in the sepia octopus ; and in front of them in the 
cdUnar; but in the common cuttle-fish, {sepia officinalis) it is at a 
considerable distance from this organ. 

The real bile is poured, as usual, into the alimentary canal. 

In the gasieropodous moUusca^ as the snail, the liver is very large, 
and consists of several lobes, having each an excretory duct. They 
surround the stomach and intestine, and open by several mouths into 
its cavity. The aplysia, onchidium, doris, &c. have a similar struc- 
ture. 

In the acephalous division of this class, it surrounds the stomach, 
and pours its secreted liquor into that cavity by many openings ; the 
oyster and muscle exemplify this. 

The proper worms, (vermes of Cuvier) the echinodermata and 
zocphftes have nothing analogous to this gland. 

The author has entirely omitted speaking of the pancreas in this 
part of his work ; probably because there are no remarks of much 

* Lyonet, Afmtomie de la Chenille, 2cc. tab. 5 and 12 ; and Treviranus, iiber den 
inmem Ban der Araekniden^ tab. 1, fig. 8, 

t Compare the representations which have been given by Swammerdain, Turber- 
ville, Needham, and Monro; and TUesius i)« respiratiane Sepia officinalis, tab. 1, 
fig. 1. 

t See Poll, ToL i. where he represents this fact in several of the testacea, 

j Swammerdam, tab. 5 of the helix pomatia ; and Sal. Stiebel, Ltmnd amnalis 
Uagnalis Anatame, Getting. 1816. 

K 
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importance or interest U> be made on the subject. The Btructnie of 
this gland in the raaramaJia, in birds, and in reptiles, is the same, oa 
the whole, as in the human subject : its fonn and size, its colonr and 
consistence, and its division into lobules, exhibit some slight and 
unimportant variations. 

The termination of its duct or ducts is distinct in birds from that 
of the diKtut ckoUdockui. In the mammalia they generally opok to- 
gether, or there is a branch terminating in the ductu* enokdochiu, 
and another opening into the intestine, as in the dog and tlephtuU, or 
they may be quite distinct, as in the hare, ^cupitie, and marmoi. 
They may be separate or distinct in different individuals of the aune 
species, as in the monknt. 

The ikaie and tkark have a pancreas simDar to that of tbe three 
first classes of red-blooded animals. In other fishes the sitoatioD of 
this organ is occupied by the cxeai appendkei ot pylvne emca ; which 
afford a copious secretion, analogous, no doubt, to the pancreadc 
liquor. (These are mentioned in { 1 19.) The internal sur&ce of 
these tubes becomes very red on injection, and posseases a glanduUr 
and aecreting appearance. 

Tb£ appendices, which form aeparate tabet in moat fishea, are 
collected m tbe iturgecat into one hum, which is surrounded by mu>- 
cnJai fibres. In this body, which has a very mamiest glandular 
■tructure, the tubes join together, and open into the intestines by 
three large orifices. 
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CHAPTER IX. 

ON THE URINARY ORGANS. 

§ 129. Thbsb emunctory organs do not exist in several ani-^ 
mals which have a biliary apparatus. They are confined to 
the red-blooded classes; all of which have kidneys, while 
some orders and genera have not an urinary bladder* 

MAMMALIA. 

§ 180. In some animals of this class, as the hears^^ the kid- 
ney resembles a bunch of grapes, being composed of several + 
small and distisct portions, which are connected by means of 
thdr blood-vessels and ureters with the common trunks of 
those vessels. In many of the pcdmata, as the secU and the 
oHer, the renal veins form a kind of network, the reticulations 
of which intersect the furrows between the mammary pro- 
cesses on the outer surface of the kidneys. The suprarenal 
glands, (glanduke suprarenales) as their name implies, are 
intimately connected with the kidneys ; but their functions, as 
well as those of the thyroid and thoracic glands, still remain 
unknown. They appear, from the latest anatomical re- 
searches, to have a great sympathy with the sexual organs.:): 
The urinary bladder is more loose § in the abdomen of most 
quadrupeds than in the human subject. It is comparatively 
much smaller in carnivorous than in herbivorous animals ; and 
is particularly large in the ruminating bisuka and the hare. 



* Eustachii Tab. AnaU tab. 4. 

t In the bear there are fifty or more, see H. F. Fleming, Deutscher Jdger, 
Leipag, 1719, p. 126. 

t See J. F. Meckel's Abdandlungen au$ der meruchlichen und vergleichenden Ana" 
tomm. HaHe, 1806. 

$ Vesalii AnaUmieaTwn FalUrpii Qbsenyttionwn Examtnt p. 126. Riolaoi Anthro* 
^ogra^ia, p. 241. 

K 2 
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Urinai; stones, often of very considerable size, are found 
not unfrequently in horses, whose intestinal concretions have 
been already noticed. Their coinposidon differs consideraUy, 
according to the investigations of Fourcroy and Vauquelin, 
from the urinary stoiites of man ; ainoe (hey contain neither 
phosphoric nor Htbic, hut carbonic acid. 

The structure of the kidney in mainmalia displays two veir ojqio- 
■ite varietiea, which may be called the iimple and the eonghmertOe 
kidneys. In the former there is a single papilla, which is surronnded 
by an exterior cruat of the cortical aubttance. This is the case ia all 
the /ene ; and in some other animals, as many rodaiiia. The other 
kind ofkidDerconiiata of an aggregation of small kidoeya, connected 
by cellular substance. It appears that this tbrm of the gland is found 
in all those mammalia which either lire in, or frequent the water. 
I hare observed it in the seal and porpoUe, where the small kidneys 
are extremely numerous, and send brenc^ies to the ureter without 
forming a pelvis. Mr. Hunter states that it belongs to all the 
whales. (Philo*. IVmu. 1807, pt. 2.) The otitr has the same struc- 
ture ; but its small kidneys are not so numerous as in the animals 
above-mentioned. (Home, of the tea-otter, {hitra marina). PkHot. 
TVoM. 1796, pt. 3.) It is remarkable that the brown bear, {wrttu 
arciot) whic^ livea on land, should have this structure as well as the 
white polar bear, (uriiu maritimtu) whidi inhabiting the coasts' and 
floating ice of the northern regions, spends much of its time in tbe 
water. Mr. Hunter {loco citato) concludes, that it is because Nature 
wishes to preserve an uoifbrmi^ in tbe structure of similar animals. 
But the badger, (iiriu meta) which is a very similar animal, haa the 
uni-lobutar kidney. Tbe number of smalt kidneys in tbe bear is 60 
or 00 ; and it appeart that each consists of two papillae. (See the 
account of the dissection of a bear, by the French Academiciani ; 

' ■ ' " ' 'n Blasius's Collection. Anaiom. Animal, tab. 2~ 
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conglomerate glands.* The urinary bladder is wanting in 
the whole class» and the ureters open into the cloaca.*)* 

AMPHIBIA, 

§ 13S. Animals of the genus tesiuch^ i(nd rana have an uri- 
nary bladder, which is double in many of the frogs, properly 
so called. The crocodile, on the contrary, and several true 
Uxards have none. The same remark applies to the serpents, 
ia whom the ureters open into the cloaca.:^ 

- The two large bags, whi(ih the author, and also Cuvier {Leqoni 
d^Anat. comp. torn. v. p. 237) represent as urinary bladders of the 
jftrog and toad, are state! by Townson to have no connexion with the 
fureter. Indeed it h vety dear that the ureters open at the posterior 
part of the rectum, whil^ these two receptacles terminate on the front 
of that intestine. (See his Tracts and ObscrviUions, p. 06, tab. d.) 
He states that the fluid contained in these reservoirs is a pure water. 
The size of these bags, which exceeds all ordinary proportion to the 
bulk of the kidney, renders it likewise probable that they are not 
receptacles of urine* Either of the bags is at least twenty or thirty 
times as large as the kidney. 

FISHES. 

§ \SS. The glandulse suprarenales are wanting m this class; 
audi they seem therefore to be confined to such animals as 
breathe with lungs. Although we cannot perceive of what 
use an urinary bladder can be to fishes, and animals which 
live in waterj several genera and species have one. 



* See Blumenbach'i EUmentt of Phyriohgy, by Dr. Elliotson, $ 470 and 471. 

t See Fink De ampkibicrum iysUmate Uropoetico, Hal. 1817. J. Davy, in the 
Phil Tram. 1818, pt. 2, p. 303. 

t See Schieiber in Gilbert's AnnaUn, 1813 ; and J. Davy, in the Phil, Trrnu* 
183L 



CHAPTER X. 



ON THE BXTKRNAI. IHTEOUUENTS. 

S 134. AuoNO the various objects and functions of the com- 
mon integuments, as they are called, one of the most import' 
ant, and most general, in red-blooded animala, is the o£Bce 
vrhich they perfonn as emunctory organs. Hence ve may in- 
troduce here with propriety what we have to say on the sub- 
Jeet 

§ 1S5. The basis of all the other coverings consists in the 
pA>pet skin, {cutis vera) which is common to the four classes 
of red-blooded animals, and may be regarded as the condensed 
external sur&ce of the cellular substance, with nerves, blood- 
vessels, and absorbents interwoven in its texture. This is 
covered externally by the cuticle, which is very uniform in its 
structure, at least in such animals as breathe by means of 
lungs. The rete mucosum lies between these; but it can 
only be shewn, as a distinct layer of the skin, in warm blooded 
animals. Lastly, the cuticle u furnished in the difierent 
classes with peculiar organs fer the formation and ezcre- 
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this part possesses, in very few instances^ any brilliancy of colour 
in the mammalia. It is of a beautiful red and violet on the nose and 
buttocks of some baboons ; and silvery white on the abdomen of the 
ceiacea. It is remarkably thick on these animals ; being about the 
sixteenth of an inch on the back, and such parts as are of a black co- 
lour. 

The vascular net-work, says De Blainville, in the work referred to 
by Blumenbach, which is situated immediately over the cutis, occu- 
pying its whole sur&ce, is in general of an exceedingly thin texture ; 
It is formed entirely of arterial, venous, and lymphatic vessels, which 
undergo many complex ramifications and anastomoses ; this net-work 
is spread over the projections situated on the surface of the cutis. The 
pigmenium does not perhaps exist in all animals ; it forms at the sur- 
fiice of the vascular net-work a layer more or less defined, of slight 
eoBsistenoe, semi-fluid, and in efiect composed entirely of very mi- 
nute grains, ag^utinated to each other, without any organic conti- 
nuity between their own particles or with the other portions of the 
skin { it is a sort of artificial membrane or depository, which is va- 
riously coloured, and which seems to be exhaled by die parietes of 
die vdns. TIob pigmenium and the vascular net-work are both crossed 
by the nervous extremities which meet at the surface of the skin, some- 
.dmes under the form of papillae. These two parts of the skin are 
those, which, since the time of Malpighi, have been known by the 
name of MdlpigfaTs net-work, corpus reticuktrCf retiadum mucosum, on 
account of the sort of net-work which they form for the passage, not 
only of the nervous papillae, but also of the accessory parts. They 
are both in my opinion, says De Blainville, the source of the colour- 
ingmatter, and ^e pigmenium is the depository of that matter. 

The colour of the skin is different in the inhabitants of different 
countries; in some it is white, in others brown, yellow, red, and 
Uack, This variety depends on something peculiar in the constitu- 
tion, and in no way on dimate ; it arises just from the same cause as 
the diflference in the colour of plants and animals. This is proved 
by the fiict of the Negro and American children being bom with the 
colour peculiar to the respective races, as weU to by the peculiar 
ofj^miaation of the skin. Humboldt says, that the children in Peru, 
Quito, on the coast of the Caraccas, on the banks of the Orinoco, 
and in Mexico, are never white at the time of birth ; and the Indian 
caciques, who are well provided for, and lite in houses, are of a 
reddish brown, or copper colour, all over the body, with the excep- 
tion of the palm of the hand and sole of the foot* Vid. Rudolf^'iB 
Physiology, by Dunbar Howe, $ 43. 

MAMMALIA* 

§ 136. The cutis of this dass varies infinitely in thickness. 
It 18 extremely thfai and delicate in the wing of the bai, and on 
the contrary exceedingly thick in the rhinocems, elephmi^ &c. 
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also in the veb-footed animala, particularly the walrtu.* The 
form of the papiUte on its external surface is very various in 
the different animala of this class, as, indeed, in different parts 
of the same animal. They are sometimes threadlike, as on the 
paws of the Itear, and are very elegant on the teats of tlie true 
whale {baUena myituxtut). I have also observed this in se- 
veral macacos (mnto cynomolgut) and mandrils (papio mm- 
man). 

The colour of the rete mucosum varies, even in individuab 
of the same species, as in the different races of mankind. It is 
thickest in some cetacea. 

I have had an opportunity of ezamining the skin of the ce- 
tacea in a baltena boopt, and in a dolphin {delphmu$ dalphit).' 
In hoth the rete mucosum was very thick ; but by no means 
equal to the breadth of a finger, as is represented in a whale of 
uncertain species in the Museum Gaubianuin.t 

In some spotted domestic animals, particularly the $heep, 
rabbit, and dog, there is a remarkable connexion between the 
colour of the palate, and even sometimes of the iris, and that 
of the skin ; for spots of similar descriptions are found in 
Iwth part34 

The cuticle is often of very unequal thickness in particular 
parts, from the diff'erent purposes to which it is destined. 
Thus it is very thin on the points of the fingers in t^M and 
bahooni, when compared with its great thickness where it co- 
vers the cnllositics on which thev sit. In various muUunsula, 
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fences of this kind are too numerous to admit of their being all 
noticed in this work. 

Villi, or papillae of the skin are found on those parts which corres- 
pond to the toes and fingers of man. They exist fuso on the trunk of 
the elephant, and on the snout of the mole and pig. 

The cutis of mammalia is much thicker on the hack than on the 
beUy. 

§ 137. Hairs, at least single ones, are found in all adult 
nuunmalia, even without excepting the cetacea. In various 
states of .thickness and strength they constitute every inter- 
mediate substance, from the finest wool to the strongest quills 
of the porcupine. Thick bristles, and hairs, as they are found 
for instance in the tail of the elephant and other animals, re- 
semble horn, or fish-bones in texture; while, on the other 
hand, both these substances may be easily split into a kind of 
bristles. Hairs are commonly cylindrical; some, howeveri are 
broad with two sharp edges ; as in the toes of the omithorhyn^ 
chus and the common porcupine. Others, as the whiskers of 
the teai/^ are also flat, but have rounded and denticulated 
margins, so that they have a kind of knotty, or jointed appear- 
ance. Something similar may be observed in the hair of some 
cloven-hoofedt animals, and most remarkably in that which 
covers the scent-bag of the musk (moschus moschiferus). Tliese 
are at the same time filled with a very loose medullary tex- 
ture, and consequently very brittle. Some are thick and firm, 
but perforated by a narrow tube, which runs tibrough their axis, 
as the long stiff whiskers of the phoca ursina* The hairs oh 
the tail of some species of porcupine are entirely hollow, like 
the quill of a feather. 

The hair is the most incorruptible part of the body, and 



* Albini Annctat, Academ. lib. 3, p. 66. 

t In consequence of a degeneration of the formative impnke, which aeems to re- 
ade diiefly in an nnnatnral formation of the akin, the hair of the hnman subject 
nay assume an unusual appearance, similar to that of some quadrupeds, particu- 
larly of the goat and dser kind. This was the case with a woman from Triers, who 
was shewn here, as well as in many parts of Europe, in her serenteenth year. Sec 
LaTatier*s Pkifmcgifmn, FragmmU, part 4, p. 6S. And the supplement to Buffon, 
Tol. ir. p. 671. 
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are tubsequently renewed. Examples of this occur in the fall of the 
stag's horns ; in the moulting of birds ; in the renewal of the cuticle 
of serpents, and of the larvae of insects, and that of the shell of the 
Crustacea ; the fidl of the leaves of trees, &c. This may be called 
ordinainf or naheral reproduction. 

The second, or extraordmafy kind of reproductive power is that 
by which wounds, fractures, or any accidental mutilation or loss of 
parts of an organized body are remedied or restored. Man indeed, 
and such animals as are nearly allied to him, possess this property in 
a very limited dearee, while its strength and perfection are tnuy asto- 
nishing in severfu cold-blooded animals, as the water-newt, the crab 
and l^Miter, snails, earth-worms, (lumhricus terrestria) sea-anemones, 
{adinia) the starfish, (asteriai) fresh-water polypes, {fydra) &c. 

Some ex p er im ents on this reproductive power require a hand, ex- 
ercised in such employments, together with various precautions, and 
a fiivoorable combination of circumstances, for their success. Hence 
persons must be cautious in concluding against the truth of any state- 
ment, because their own experiments do not succeed. After several 
firuitless attempts on this subject, I have lately succeeded in observing 
the reproduction of the whole head of the snail, {helix pomatia) with its 
four horns ; which occupied about six months. 

I preserve in spirits a large water-newt, (Jaccrta pahuirii) from 
whidi I extirpated nearlv the whole eye several years ago. All the 
humours were discharged, and then four-fiflhs of the emptied coats 
were cut away. In the course of ten months an entirely new eye-ball 
was formed ; with cornea, iris, crystalline lens, &c. ; and this is ooty 
distingoished from the same organ on the opposite side by being 
smaller. See the Gouingen Literary Notices for 1787| pp. 28« 30. 

BIRDS. 

S 138. The integuments of birds have the same three parts 
widi those of mammalia. Some are furnished with hair hi 
particular situations ; as the vultur barbaius, the ravens and 
the iurkejf. Others, as the cctsiotoary, have long spines like 
fish-bones in their wings, which approach in the tubular struc- 
tmre of their roots, to the formation of feathers ; the universal 
and peculiar covering of this class of animals. The particular 
diflferences in the formation of the feathers are innumerable.* 
Among the most remarkable are the small scale-like feathers 
{$qiiamul(B ciUatce) of ihe penguhCs wing ; and the homy, flat, 
and pointed processes on the tip of the neck, and wing-feathers 
of the common fowl in its wild state ; and on those of the Bo- 

* See Nttach's PtfnfropMfcAc FragmmU, in Voigt'i Neu, Magoiin, ii. p. 393. 
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ThB process of separation is repeated every week for some 
time in the latter animal, particularly in spring and autumn. 
Some, which have small fine scales, as the chameleon, or a sim- 
ple skin, as some yrog^, change their colour occasionally, either 
from difference in the light or warmth, or from the effect of 
their passions. 

The skin of the frog and toad does not adhere to the subjacent 
parts, as in other animals, but is attached to them only at a few 
points, and is unconnected elsewhere ; so that it may be compared to 
a bag containing the animal. 

The reflection of coloured objects on the glittering scales of the 
chameleon^ probably gave origin to the fable that its colour is regu- 
lated by Uiat of the bodies near which it is placed. 

FISHES. 

% 140. All fishes, without exception, are covered with 
scales, which are bare in those which inhabit the open sea, 
but on the contrary are covered with a mucous membrane in 
those which live on coasts, or in fresh water. It is remark- 
able that the colour of the skin in some fishes, as for instance, 
the muUei, {muUus barbatus) depends on that of the liver.* 
The scales are not changed like hair and feathers, but are pe- 
rennial ; and are said to receive yearly an additional layer to 
their laminated texture, from the number of which the age of 
the animal may consequently be determined. 

The lower orders possess in general an epidermis. - In the tesiacea 
it usually covers the surface of the shell, and obscures the brillian<^ 
of that part until it is removed. It may be seen by plunging a snaif- 
sSell into boiling water. It is very thick and villous in some species, 
as in the area piiosa. 

Cfttstacea have it; also insects, both in their perfect and larva 
states. It is shed in the latter several times before the change to the 
state of chrysalis ; seven tiroes in most of the butterflies and bam' 
tyces. 

It is very distinct in the vermes, as in the common earthworm and 
leech, which often shed it. In the npunculus saccatus it is loose and 
not adherent to the surface. 

Hairs are formed in small bulbous bodies implanted in the true 
skin, and grow from their base. 



* Santorini Ob$. Anatom, Venet 1734, toI. iv. p. 4. 
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This union is so firm, that, when the inferior portion of the hoof has 
been removed, a horse may be trotted roughly without the foot being 
separated from the upper part of the hoof. 

The body of a bird which has just quitted the egg is covered with 
hair instead of feathers. Fasciculi of hairs are produced from one 
common bulb, which is the rudiment of the future feather. In a few 
days a black cylinder appears, which opens at its extremity, and 
gives passage to the feather. The opposite end receives those blood- 
vessels, which supply the vascular substance in the barrel of the fea- 
ther ; when the stalk of the feather has received its complete growth 
this vascular body is dried up, and presents the well-known appear- 
ance in the barrel of quills. 

The parts which have just been described, as well as the epidermis, 
and the scales, or rather hard coverings of reptUes and fishes, possess 
neither vessels nor nerves ; and therefore the whole superficies of an 
animal's body is really insensible, and constitutes a dead medium, 
through which impressions are conveyed to the subjacent living parts. 



CHAPTER XI. 

ON SEVERAL PECULIAR SECRETIONS. 

( 141. It is necessary that we should take notice of some 
oi^ans destined for the secretion of peculiar fluids, the use of 
which is not hitherto sufficiently determined. These occur 
in particular classes, or in certain genera and species of ani- 
mals, and may be most conveniently con^dered here, at the 
end of that division which treats of the natural functions.* 



MAHHALIA. 



$ 14S. Bendes the well-known salivary glands, there is an- 
other, which has been described by Nuck in the orbit, par- 
ticularly of the dog, and some other predadous animals, which 
has an excretory duct opening near the last tooth of the up- 
per jaw.f Professor Jacobson]: has described a remarkable 
secreting gland, which is situated in man and in many other 
mammalia, and probably in all birds, on the external side of 
the nostrils, the excretory duct of which opens at the anterior 
extremity of the lower concha. He names this organ after its 
illustrious discoverer, la glande niuale de Stenonit. § 

i 143. Both sexes of both species of the elephant, vix. 
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As far as regards the structure of the organ, this secretion 
resembles most that of the gland placed at the back of the 
Mexican musk-hog» or pecari (sus iajafu). 

This remarkable gland is found on the back of the animal, over 
the sacrum. It is of a considerable size, (between two and three 
inches lonff, and ^bove an inch broad) and is composed of several 
lobules, whose diicts join into one canal, which penetrates the skin. 
It' furnishes a secretion of a very pleasant musk-like odour, from 
which Tyson denominated the animal aper moschiferus. The opening 
of this part on the back has been described by many authors as Uie 
naveL (Bartbdih. Cent. 3, Hist. Med. 96.) 

Tyson in the Pkilos. Trans. No. 153, or in his works, London, 4toy 
1751, with a good delineation of the gland. 

$ 144. Several ruminating bisulca, and the hare^ have on 
the outer side of the upper jaw, near the ossa nasi, sebaceoum 
sinuses, which have received that name from the adipose and 
viscous substance which is separated there in great abun- 
dance in some animals, and which is well known in the stag, 
where it is supposed to be of a lacrymal nature.* 

$ 145. In most of the ruminating animals, and in the hare, 
there are cavities in the groins, near the genitals, called by 
Pallas antra inguinalia, and containing a strong-scented seba- 
ceous substance secreted from glands which lie under the in- 
teguments.f 

§ 146. Some other mammalia have pouches on the abdo- 
men, covered internally with a fine hair, and containing fittty 
secretions of peculiar odours. Of this kind are the bags near 
the anus of the badger,X and that which contains the teats of 
the female marsupial animals.^ 



Mythology. See Wilford, in the Asiatic Ruearehes, vol. iii. p. 443 ; it ii 
noticed alio in Strabo. Compare Beaulieu, Vojfage nux Inda Orientale$, p. 105, (in 
the collection of Thevenot the elder, yoI. ii.). J. W. Heydt's Ostind. SefumpUttt ; 
and particularly A. W. SchlegePs Inditche Bibliothdc. p. 165. 

* Vide Ph. Seifert SpiciUgia Adenologica. Berol. 1823, 4, p. 13, Ub. 9. 

Y. Y. Wepfer, in E. N. C. Dec 11. a. b. Obs. 118. 

Ckabert and Heron, in the Journal de VAgricuhure, &c. May, 1778, p. 87. 

f Wepfer in the same collection, Dec, I. A, 3, Obt. 167. 

I J. GottL Walter, in the M^moirei de VAc. det Sc. de BerHn, 1792. 

$ The yellow matter contained in this pouch was compared by Tyson with that 
which is secreted in the axilla of the human subject. PkU» Trans, vol. xx. p. 120. 
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§ 147. There are also, in the badger and the opouwn, as 
veU as in several other carnivorous animals, (both among the 
digitata and palmata,) peculiar glands and bags at the end of 
the rectum, secreting a yellow substance of a strong and diaa- 
gieeable smell in its recent state, and which frequently ^ven 
to their excrement a kind of musk-like odour.* 



opening jiut at die margin of the anua. They seem to belong parti- 
ralarlf to the carnivorous animals. They may be seen very wdl in 
the cat. Their secretioD possesses that strong disagreeable odonr 
Vhich characterise* so remarkably many animals of this order, u the 
fox and all the weasel tribe, and which has even made the polecat 
proverbial in common language, and has bestowed on it its saentific 
name, mvitela pvloriut. Some American species exceed the fetor 
even of the polecat This is the case with the iwerra m^kitka and 
cooue [the skunk and squash). They pour out the fetid matter when 
pursued ; and are thereby efiectually defended, as oeitber man nor 
animal can approach them. 

. These parts are not, however, confined to the canmora, ai several 
rodemia possess them. 

' $ 146. These anal glands must be distinguished from ano- 
ther kind of similar glands and bags, which also secrete 
strong-BCented matters, but seem to be rather connected with 
the genitals.'t' These are found in some of the same carnivo- 
rous animals which possess the anal glands, as the Uon, the 
eivette, &c. ; also in many herbivora, which want the latter or- 
gans ; in some of whom they exist in both sexes, as in the 
beaver,% the ondalra.k {mm nibethlcus) &c. ; in others they 
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It is from these glands, and not from the testicles, as naturalists 
bave absurdly supposed, that the substance called castoreum is pro- 
duced. A delineation of the parts, from the dissection of the Pari- 
nan academicians, may be seen in the collection of Blasius. Anatom» 
Ammafium. tab. IS. 

. That valuable article of the materia medica, muskf is produced 
from similar glands in the mosckus maschifer, (the musk) an animal 
^ound in the mountains of Thibet, and the southern parts of Si- 
beria. 

§ 149. We must also mention here the glandular cavities, 
covered internally with hair, which are found in the feet of 
several ruminating bisulca, and particularly in the sheep. 
They have an excretory duct opening at the junction of the 
toes ;* and the obstruction of this, particularly from a long 
pcmtinuation of wet weather, occasions troublesome symptoms. 

BIRDS. 

$ 150. Although birds do not masticate their food, several 
of them, particularly among the pid, have considerable saU-^ 
vary glands f at the sides of the lower mandible. The secre- 
tion of these glands serves to facilitate the numerous and 
strong motions performed by the tongue in deglutition. 

The pancreas is of considerable size, particularly in those 
birds of prey which do not drink ; its form and structure 
vary considerably. 

It has been already stated that salivary glands, in the pro]^r 
sense of the term, do not exist in birds, and that the parts which 
the author mentions here must be regarded in a different point of 
view. 

§ 151. The glands which secrete the oil, on the upper part 
of the taO, are largest in aquatic birds ; in some of which, as 
the anas moschata, the secreted substance has a musk-like 
odour. In that race of the common-fowl, which has no tail, 
{the gattus ecaudatus) this organ no longer exists.:!; 



* R. liTingstone, in the 2d toI. of the Society of New York, p. 140. J. F. 
Ncimaiiii, in his Tatchenbueh fur HausthUriirxte, vol. ii. s. 87. 
t V. A. Huber De lAngua Pin viridit. 
t Reaumur, Art it f^o idom Ut Oueawe DomnHfimt torn. ii. p. 392. 
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^ 152. I do not think it probable that the part which has 
often been considered as a pancretu in this and the following 
classes of animals, really deserves diat name. Zootomists 
have not been able to agree on this point ; Charas took that to 
be the pancras of serpents, which Tyson with the ancients 
called the spleen. 

Atutl glands, which disseminate a strong specific odour at 
certain thnes are found in some animals of this class; for 
instance in the cayman, {JfUcerta alSgator) and the rattle- 
snake.* 

§ 153. An acrid fluid exudes through numerous pores of 
the skin in some reptiles, when they are irritated ; as in the 
atUamander and in toad$. It is sud that the gecko secretes a 
really Yenomous fluid between its toes. But there is a much 
more dangerous kind of poison formed in some serpents, 
which are distinguished from the innocent ones by the organs 
pointed out in a former part of this work.f 

Tliere a found in the crcKodile, on each side of the lower jaw, 
and juBt under the skin, a gland, whose dnct opens externally. It 
secrete* a substance smelline like musk. 

There are situated on the heads of moat serpents five pairs of 
glands ; the first is a ■mall, long, round, and very hard gland, si- 
tuated at a very little distance from the skin, close behind the ante- 
rior extrentitj of the lower surface of the mouth. These rnvf un- 
doubtedly be compared to the aub-lingLial glands of otlier aiiimaU. 
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the coluber t iortrix, and eryx, but in the boa^ python, and poisonous 
serpents, part of the gland lies within the orbit. 
. The third, which is not so common as the two preceding, is a 
gland of some length, and situated close to the rami of the lower 
jaw; there are numerous excretory ducts, which open externally 
through the teeth of the lower jaw, in a simple longitudinal row. 
CuTier has described them in the coluber and boa ; afterwards Tiede- 
mann and Cloquet gave delineations of them as they are found in the 
coiuber natrix, and Kudolphi as they are found in the vipera vera ; 
they have since been found in several other species of serpents. They 
correspond in their form, structure, and situation, to the buccal ana 
labial glands of mammalia. 

The fourth is situated externally, close to each side of the upper 
jaw. In the vipera dubia Meckel found a small gland at the comer 
of the mouth ; Tiedemann found them in the anguis, although Meckel 
who examined three fine specimens was not able to detect them. In 
the coUibcTf amphisbitna, tortrix, and eryx, this gland is very consider- 
able ; in the python, crotalus, vipera vera, they are of moderate size ; in 
the eiaps they are extraordinarily small, and intimately connected 
with the excretory ducts of the poisonous glands situated beneath them. 

The fiiUi are the poison-glands : these are the most remarkable, 
and it is difficult to conceive how they could have been overlooked 
by the earlier anatomists. They are situated above the upper jaw, 
behind and below the eyes ; they are surrounded by a very strong 
muscle, and in fact embedded in it, so that they cannot be seen untu 
the muscle has been divided. They are of some length, and have a 
laminated texture; internally they have a considerable cavity, and 
are distinguished from all the other glands by a very long excretory 
duct which takes its course along the outer surface of the upper jaw, 
and opens above and before the poison teeth in such a manner into 
the sheath, that the poison flows into the upper opening of the tooth. 

Meckel has come to the following conclusions on the number and 
proportional size of the glands of serpents. 

1. Several poisonous serpents, viz. the crotalus, naja, vipera vera, 
ekipt lernnitcatus, possess the greatest number of glands ; for, in ad- 
dition to the poison and salivary ones, they also have five pairs. 

2. Four pairs only exist: 1, in the vipera dubia, for besides the 
poison glands, they have merely the lachrymal and lingual, and a 
■liffht rudiment of the labial at the angle of the mouth ; and 2, in the 
comber python, amphisbitna, there are also only four pairs. 

d. The anguis fragilis has four pairs, the upper labial glands only 
beinff wanting ; but in the trigonocephalus both pairs of the labisd 
glands are wanting. 

4. LaiBtly, in the typhlops crocotalus, all or nearly all are wanting. 

5. Those serpents which have no poison glands possess all the 
others in a greater state of development. Both the poison and other 

f lands have excretory ducte. Vjd. Meckel's Archiv. fur Phytiologie, 
lip. 1826. 
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§ 154. The most universal secredon in thU class* which 
cornea under the present chapter, is that of the mucus, which 
besmears their skin and scales, and which is formed in canals* 
lying near the lateral lines, and in the same direction with 
them ; one or more of these canals running on each side fhun 
the bead to the tail-fin. In some fishes the tnucus is poured 
out in the intervals of the scales ; but in others those parts 
are perforated by regular openings for its discharge.i- 

Cuvier represents the tubes whicb open in the course of the Untd 
lateralis of tubes, as the excretory ducts of two gUndj placed above 
tbe orbits. (Levant d'jimil. comparie, tom. v. p. 300.) 

In the tkaie the openings are not confined to may particular parti 
but are scattered over the surface. Tbe tubes radiate from one 
point, just above the angle of tbe jaw; and tbe third branch of the 
hfUi pair of nerves ia distributed at that part ; its filaments accom- 
panving the tubes. 

For an account of the electrical organs of fishes, which must be 
considered as parts secredng the electrical matter, see ^ 218 ; and 
for their swimming bladder, in which a secretion of air is e&iected, 
$187. 

INSECTS. 

§ 155. There are no true conglomerate glands, nor analo- 
gous parts in insects ; but their different secreUons are per^ 
formed by loose vessels4 Besides the different secretions 
of peculiar matters, which belong exclusively to single species, 
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two lands of secreted fluid deserve to be particularly remarked 
ID this class : the silk which is formed by the larvae of pha- 
knn^ (moths) and by spiders ;t and the poison with which 
several hymenopterous:^ and apterous^ insects are armed. 

The wax, which is prepared by the honey-bees» and by die 
][nd]an coecu$ melifficuif deserves to be enumerated among the 
secretions whic^ are peculiar to animals of this class. 

Almoit aU tbelarvflB or caterpillars spin for themselves some kind 
of 0ovenng before their metamorphosis ; but it is the silkworm on^f 
ijhminf* man) tlilift fturaishes the materials of our various silk manu* 
fli^tureiy as the thmd which it forms is very pliant and abundant, 
and .ean b0 eaafly unlblled. 

The secretory organs, which furnish this matter of silk, are the 
same in all krvas. Tbey consist of two long tubes, at first small 
xoi tortuous, but growing gradually larger to form a kind of reser* 
voir, and tenniiiatii% in a single veiy small tube, which opens under 
tbe lower lip. It is b^f moving its head from side to side that the 
animlil draws oat the silk.^ 

In those insects wUch possess stings, the irritating or poisonous 
fluid is formed in a peculiar bag, which sends a duct to the wdt^ifi 
The latter part is holuiw, and its tube opens exteniaUy» It is cte^ 
tained in a sheath, and barbed at the sides of its point, so that it 
usually remains in the wound which it inflicts. A debneation of these 
parts in a magnified view may be seen in Swammerdam, tab. 27 of 
the English translation, 

VERMES. 

k 156. The most remarkable secretions in this class take 
place in the testacea. There is one of these common to the 
whole class ; viz. the formation of the calcareous matter of 
their shells, | which takes place in a peculiar viscus lying near 
the heart {sacculus calcarius^ Swammerd. glandula testacea, 
Poli). The celebrated purple f colour is formed in some ma- 



* See lyonet, tab 6 and 14« 

t Rotel, torn. iv. tab. 29. 

% See Swammerdam's plates of the organ in the bee, tab. 18 and 19« 

i Bidu Mead Opera Med^ca, torn. ii. tob. 3. 

I Swa m me r d am , tab. 6, of the Htlix Pimatia. Poli, torn. ii. tab. 20, of the 
V§mu Ckions ; tab. 26, of the Area PUota. Dr. Wohnlich D$ HeUee Pomatia. 
Wiioeb. 1813, p. 23 ; and Prof. JacobMn, in Meckel's Arehivu, toI. vi. s. 370. 

t See Strom, of the Buecinum LapUlui, in die 11th vol. of Kiobenh. S*l^. 
Skr^, p. 30, 
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rioe genera; aa the buccmum lag^im and ecAwwy^o rw , 
murex brandaris and trunctdta, helix imUhina, area nmeleut, 
&c. Laitly, some bivalTea, under extraordinary circumstances^ 
form pearb* on the inner surface of their sbelL 

ScTeral aeephaiovt molluiea produce a kind of silk, aimilar to that 
of the hvvK of inBCGts. It i« sometime* called the beard ; and ia 
employed by the animal in order to attach itself to rocks, &c. It ia 
formed by a conKlomerate glaod, placed near the foot, which latter 
part drans out the silk from the excretory duct, and moulds it in a 
groove on its surface. The sea muscle, {mytttus) the djbmi, and 
pema, exemplify this itructure. The pinna produces it in sach 
quantity, and of such quality, as to admit of its being manufiuitured 
mto gloves, nhich is done at Messina and Palermo. (Blumenb. 
Haiidbuch der Naturgachichte, ed. 6, p. 438.) 

The black inky fluid of the cutde-fish, which has often been sup- 
posed to be the bile, is a very singular secretion, that must be noticed 
m this place. The bag in which it is contained has'a fine callous 
internal surface, and its excretory duct opens near the anns. The 
fluid itself is thick, but miscible with water to sncb a degree, that m 
very small quantity will colour a vast bulk of water ; and the animal 
employs it in this way to elude the pmrsuit of its enemies. Accord- 
ins to Cuvier, the Indian ink, which comes from China, is made of 
this fluid. (Leqoiu d'Anat. comp. torn. v. p, 263.) 
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CHAPTER Xn. 

ON THE BEART AND BLOOD-VESSELS. 

^ 157. A PERFECT circulating system, to which on die one 
hand fluids are brought by the absorbents, to be converted 
into blood ; and from which, on the other hand, varioua juices 
are separated in glands, and viscera of a glandular structure 
appears to belong universally and exclusively to red-bkmded 
animals. A pericardium exists in all these animals. Parts of 
such a system, particularly a heart, and certain vessels con- 
nected with it, are found in some genera of the two white- 
blooded classes. It is surprising that so many good anato> 
mists, among whom are Blasius, Peyer, Harder, and Toaxett^ 
should have denied the existence of a pericardium in the 
hedgehog. The membrane is indeed very delicate in this 
animal, and it requires some care to avoid tearing it in opening 
the chest. 

UAHHALU. 

\ 158. The internal structure of the heart is the same as in 
; but its situadon in quadrupeds and celacea differs &om 
fit which it has in the human subject. It is in the former 
tKted more longitudinally with respect to the body, resting 
1 than on the diaphragm. Hence the 
'nimals, with a few exceptions, is not 
-»ragm* as in the human subject; the 

- Kifte. 4Mt. q- ^^ edit. 1764. 
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portion of the inferior vena cava within the chest is propor- 
tionably longer. 

The heart of the oraj^-ouian^ ia placed obliquely, like that of the 
human subject ; but in other nnitc the apex only is a little inclined 
to the left, and just touches the diaphragm. 

^ 159. The larger adult bitulca and the pig have two small 
flat bones, (which have been called, particularly in the atag^ 
bonet of the heart) where the aorta arises from the left ven- 
tricle. The coinnion notion, that they serve as a support to 
the valves,* does not much elucidate the subject. 

The right auricle receives in the porcupme and elephant two ante- 
rior venK cav«e; the left of which opens near the conuniuucation 
with the ventricle. 

{ 160. It has been supposed that the amphibious ■nimal^ 
of this class and the cetacea have an open foramen ovale, like 
that of the fcetus, in their septum auricularum. And the oe- 
cessi^ of such an opening has been inferred fiom their way 
of life ; since they often pass a considerable time under water 
without breathing. This supposition has been ftdly refiited 
by the repeated dissection of adult animals of this kind, which 
has shewn that an exception &om the general rule very rarely 
occurs. 

I possess a very singular heart of an adult seal, iheforamem 
ovale tend ductvs artertetut of which are ctnapletdy open. 
Both the arterial trunks, and particularly the aorta, form 
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there can be no doubt that it serves, while the animal is under 
water, to receive a part of the returning blood, and to retain 
it until respiration can be again performed, and the lesser* 
circulation be thereby again put in action. 

The question, whether or no the foramen ovale be open in such 
animals as have the power of diving, and remaining for some time 
under water, seems to be as yet not completely decided. In addition 
to the affirmation of the author the evidence of Cuvier may be 
quoted ; he states that in several porpoises, in a dolphin and a seal, 
he found this opening closed. {Legons (TAnat, comp, tom. iv. p. 201.) 
The Parisian dissectors also found it closed in a beaver. {Description 
Anaiom, tPun castor , &c. p. 68.) It has been found perfectly shut in 
a porpoise and young seal; and according to Sir Everard Home, 
(Phil, Trans. 1802) it is closed in the omithorhynchus. On the other 
side of the question, besides the fact mentioned by Blumenbach, 
which is very striking, we may adduce Sir Everard Home's authority 
for the existence of the foramen ovale in an open state in the sea 
otter. He found it so in two instances, one of which was in an adtilt 
animal; but the ductus arteriosus was closed. {Philos, Trans. 1796, 
pt. 2.) This may perhaps be nothing more than a casual occur- 
rence ; as a small opening is not unfrequently found in the human 
subject, where no symptom of disease, or defect in the circulating 
system has existed. 

§ 161. There are some remarkable circumstances in the dis- 
tribution of particular arteries in certain animals of this class. 
We may notice, as the most singular of these, the rete mirabile, 
formed by the internal carotid at its entrance into the cranium, 
in several ruminating bisulca + and carnivorous animals ; and 
that division of the arterial trunks of the extremities, which 
has been observed by Sir A. CarUsle j: in the slow-moving ani- 
mals, viz. the sloths and lemur tardigradus. The arteries of 
the arm and thigh in these cases divide, as they leave the 
trunk, into numerous parallel branches, which are united again 
towards the elbow and knee. The most curious and elegant 
distribution of veins occurs in the foot of the horse ; where 
these vessels run in innumerable parallel branches on the an- 

^ Kabnus, in the Acta Acad. Natur, CvtUm. torn. i. p. 25. 

t It is represented by Monro in the slink calf. Obs. m the Nerimtx System, tab. 
1. 
X In the Fhilos, Tram, for 1800. p. 98. 
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tetior sur&ce of the coffin bone, and fofm a reticular plexot 
of anastomosefl on the under part whicb completely covers the 
nirfece of the bone. 

Plexuses or convolutionB of the arteriea are found in Bome psrti of 
tbe celaeea ; as in the intercostal arteries, in thn branches which go 
from the nibcIaviBn to the chest, and in those which supply the me- 
daQa spinalis and the eye. Hunter in the Philos. Tram. 1789, pL 3. 



% 16S. The whole of this class, without exception, 
a very remarkable peculiarity in the structure of the heart. 
The right ventricle, instead of having a membranous valve, 
(sucb as b found in both ventricles of mammalia, and also in 
the left of birds) is provided with a strong, tease, and neariy 
triangular muscle. Thk singular structure anists in driving 
die blood with greater force from the right side of the heart 
into the lungs : since the expansion of the latter organs by 
respiration, which facilitates the transmission of the carbo- 
nated blood in mammalia, does not take place in birds, on 
Bccoimt of the connexion which their lungs have with the nu- 
merous air-cells, which will be afterwards described.* 

$ 163. To this class, and also to those of amphibia and 
fishes, Professor Jacobson ascribes a peculiar venous system, 
by vhich the blood is carried from the posterior extremities 
and from the sexual organs, not, as in mammalia, to the poa- 
tcrior vena cava, but to tlie kidneys, or to the kidneys and 
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▼entricle and auricle.* In Others, as for instance crocodiles 
and lizards, properly so called, and serpents, the heart con- 
nsta of one ventricle with two auricles. 

The account which Cuvier gives of the anatomy of the heart in the 
iui^hibiaf does not exactly accord with that of die author. Cuvier 
describes and delineates the heart of the crocodile as being formed 
nearly like that of the titrtle (torn. 5, pi. 46) ; he says that the iguana 
has a similar structure, and that it obtains likewise in the serpents 
(torn. V. p. 221-225). He does not mention the more simple form as 
existing m any lizard or serpent, 

% 165. The structure of this part is very different in the 
turtle ; and has given rise to more controversy than that of 
any order of animals. The heart of this animal possesses two 
auricles, which are separated by a complete septum, like those 
of warm-blooded animals, and receive their blood in the same 
manner as in those annuals ; viz. the two venas cavas terminate 
in the right auricle, the pulmonary veins in the left. Each 
pours its blood into the corresponding ventricle, of which ca- 
vities there are two ; thus the structure of the heart hitherto 
resembles that of mammalia. 

A remarkable difference exists in the structure of the auri- 
cles between the testudo caretta and mydas^ both of whose 
hearts now lie before me. The auricles of the former are thin, 
like those of warm-blooded animals ; in the latter they are 
very firm, and have almost as thick and strong parietes as the 
ventricles. 

The characteristic peculiarities which distinguish the heart 
of these animals consist in three circumstances. First, the 
two ventricles (and in some species of turtles, the cavities of 
the auricles) are extremely small and narrow, but the fleshy 
walls of this viscus are of a thick and spongy texture, so that 
the heart has the appearance not so much of a double visceral 
sac, as of a sponge soaked with blood. Secondly, both the 
ventricles communicate with each other ; there is a muscular, 
and as it were tubular valve, going from the left to the right 



* awammerdam gives the clearest representattcn of the heart of the frog, and of 
the vessels which are most immediately connected with it, tah. 49. 
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cavity, by means of which the fonner opens into the latter! 
Thirdly, the krge arterial trunks arise all together from the 
right ventricle only ; no vessel coining from the left. The 
aorta, with its three principal branches,* is situated towards 
the right side and the upper part; the pulmonary artery 
comes as it were from a particular dilatation of the right ven- 
tricle,'!' which is not situated nearly in the middle of the basis 
of the heart ; (it must he understood, as we have already ob- 
served, that we apply these terms according to the horizontal 
poration of the animal). 

We can now comprehend how this wonderful and anoma- 
lous structure, by which all the blood is propelled from the 
right ventricle only, is accommodated to Uie peculiar way of 
life of the animal, which subjects it frequently to remaining 
for a long time under water. For the greater circulation is 
so far independent of that which goes through the lungs, that 
it can proceed while the animal is under water, and thereby 
prevented from respiring, although the latter is impeded. In 
warm-blooded animals, on the contrary, no blood can enter 
the aorta, which has not previously passed through the lungs 
into the left ventricle ; and hence an obstruction of respiration 
most immediately influences tlie greater drculation. 

The best and most intelligible delineations of the turtle's 
heart are those given by Mery ;% although be made an errone- 
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pus appHcatioii of them to the course which he supposed the 
%Iood to take in the heart of the hiunan foetus. I conclude 
fibm a comparison with my own preparatiokis, that his draw- 
iBgs were taken from the iestudo caretta. 

The natural structure of the hearts of these animals has a 
striking analogy with Uie unnatural condition of this organ in 
persons bom with the morbus dFrukus. This phenomenon 
with many others tends to shew that certain organs of the human 
embryo, as well as the whole of its earliest formation, are sub- 
jected to a kind of metamorphosis, the embryo first resembling 
the structure of the lower classes of animals, before it reaches 
the perfection of the human type. If during this change the 
completion of any organ should be interrupted by any acci- 
dental disturbance of the formative impulse, it remains in a 
state which has a greater or less resemblance to that of an in- 
ferior organisation. Hence in many persons affected with the 
blue complaint, the ventricles communicate with each other 
by an opening in the septum, and both arteries arise from the 
right, and none firom the left.* 

FISHES. 

% 166. The heart in this class of animals is extremely small 
in proportion tothe body. Its structure is very simple, as it ' 
consists of a single auricle and ventricle, which correspond 
with the right side of the heart in warm-blooded animals.f The 
ventricle gives rise to a single arterial trunk (which is expand- 
ed in most fishes into a kind of bulb as it leaves the heart), going x 
straight forwards to the branchice, or organs of respiration. 
The blood passes from these into a large artery, analogous to 
^^■^— »i— "^i^^— ^■— ■— »^— "i^^-i— ^— — ^^— ^— "^^-i^^— ^— ^— i— i^— .^— ^p^— ^»— ^.^— •—^i— ^— -i^-^-^— • 

d«, and the left TeDtricle beneath k) was driven to the right ventricle, to be pro- 
pelled irom it, and the iolemiediate one oommunicating with it to the whole body, 
«» well at to the Ivnga. 

* Abemethy's Surgical and Physiohgieal Essays, part ii. p. 158. 
J*. Conr. Tobler De Morbo C^uleo. Gotting, 1812, 4. 

J. C. Hein De istis Cordis DeformatUmibus qua sanguinem venotum cum arttrum 
mimen firmittunt. Gott. 1816, 4. 

t See Tiedemasn't AnaUmk det Fisehhengtu, Landihut, 1809. 
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the aorta, which goes along the Epine and ani^diM die body 
of the animal ; it is then returned by the vene «aT» into ihe 
auricle;* a proof, among many others, of the power which 
the arteries possess of returning the blood, independentlj ef 
the action of the heart. 

S 167. Most cold-blooded animals, as fiahes, and the k»- 
phibia of this country, (Gennany) have a much smaller pro- 
portion of blood, and fewer blood-vessels than tfaoee with 
warm blood. On the contrary, they have a mueh greMer 
number of colourless vessels arising from the arterial tjttem. 

INSECTS. 
% 168. A true heart, and system of resads comiected with 
it, are found in a very few of what are caBed wfaite-blooded ani- 
mals. In diis class they seem to belong only to some genera 
of insects, which have no wings; as the gernu eof*eer,-t' and 
tmmotmltu. It has been proved by the excellent inrestigatioDB 
of Hercdd,;]: that the long dorsal vessel of the larrse^ &c. cxxn- 
municating an undulating pulsation, and carrying a kind of 
ichor, is protected on each side by a fiat triangular musde, 
and that it is an organ analogous to the heart. In the genera 
which we have mentioned, there seems to be no paaaage of 
the arterial eztremitieB into the origins of vetni, and conse- 
quently no true circulation. 
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tremely minute rfonifieations of the trachese are obvious in every part. 
And Lyonet has traced and delineated in the caterpillar parts infi- 
nity smaller than the chief blood-vessels must be, if any such ex- 
iiti^ Anatomic de la Chenille^ &c. 

Yet insects, both in their perfect and in their larva state, have a 
mentbranoui tube running along the back, in which alternate dilatations 
and contractions may be discerned. From this circumstance it has 
been supposed to be tlie heart ; but it is closed at both ends, and no 
vessels can be perceived to originate troxa it. 

It is obvious from these data, that the functions of nutrition and 
aemtil^ limit be perfi>rmed in the animals which we are noyr consi* 
deiingy in a very diQerent manner from that which obtains in the 
nol« pttfect dasses. Cuvier expresses the mode, in which he sup^ 
poses growth and nutrition to be effected, by the term " imhibUumJ* 
And he exdbins from diis circumstance, the peculiar kind of respi- 
ration whidb insects eBioy. Since the nutritive fluids have not been 
exposed to the atmosphere, before they arrive at the parts for whose 
nonrishment they are dastiiied ; this exposure is effected in the parts 
thenaelves by means of the air-vessels, which ramify most minutely 
over the-whole body* '* En un mot, le sang ne pouvant aller dier* 
cher Vair, c*est I'air qui va chcrcher le sang." {Lemons d^Anat. comp. 
L xxiii^ sect. % art. 5.) 

The heart of the mcsracea, according to Cuvier, has no auride^ 
and it is wluit be cdls an aortic heart. For it expels the blood int9 
the arteries of the body, and this fluid passes through the gills previ- 
ovsly to its reaching the heart again. The different parts of the sys«> 
tein are here found under a m^e of connexion exacdy the reverse 
of what we observe in flshes, where the blood is sent into the gills, 
and passes subsequently into the aorta. The circulating organ in 
diat dass is thererore sl pulmonary heart, 

vERM ES. 

§ 1G9. In many genera of this class, particularly among the 
mottuica,^ and tesiaceaff there is a very manifest hearty} 



* See Swammerdam, of flie UmMx Moitmtit, ttbw 9, of the Sqna OfflHru^, tab. 
63. Monro, On FuKa, Ub. 31. Cuvier, TabUau ElSmenUdre d$ VHitUnre Natu- 
nU» dn Animaus, tab. 8, fig. 1. Home, PhU. Tran$. 1817 ; and of the Apiytit 
FatelaUi, Olivier, MoUuiqueSf tab. ii, fig. 3. 

t See Ploli, TeftaeM tttriiifftM Sidiitf, vol. i. and ii. for a ^^ 
«mnl taataeea. ViTillii, in the work above quoted, tab. 2, of the Oyiter, Swam- 
ssrdam, lab. 5, of the Helix Pomatia, Stiebel, of the Helix Stagnaliu 

t Cmnm dividet tiie whole daas of vermss, according at they are fimiihed with a 
hairt lind vaacokr tyttem, or are deatitote of these organi, into two ftoMliei ; the 

M 2 
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which is sometimes of a singular structure. It consists, for io- 
stance, in the cuttle-Jisk, of one ventricle, and two auricles, 
which lie at some distance from (he Tcntricle, near the gills. 
Some bivalves are said by Foli to hare two auricles, and some 
«ven four. But in all these cmstaceous animals, there has beoi 
no connexion hitherto discovered between the arteries and 
veins ;* while on the other hand some genera in other orders 
of this class have a connected system of vessels without a 
jbeart ;'f' and the proper zoopkytet camiot be said to possess 
either; as their nutrition seems to be effected by an imtne- 
diate derivation of the nutritive fluid from their abdominal ca- 
vity into the gelatinous parenchyma of their body. 

Baker, Fontana, MuUer, and several other excellent natu- 
ralists, have considered the dark portion in the body of the 
wheel animal {vorticeUa rotatoria) to be a heart ; although it 
has voluntary motion, which is influenced by that of the radii, 
and they have employed this circumstance by a canoua petitio 
princ^M, to prove that there are animals which have a volun- 
tary power of setting their heart in motion, or leaving it at rest. 
I have shewn twenty-three years agof that this remsikable or- 
gan can by no means be looked upon as a heart, hut is really 
an alimentary canal. 

According to Cuvier, the cuttle-fiah has three hearts, neilher of 
which poBiesws an auricle. Two of these organs are placed at the 
root of the two bronchia ; they receive the blwd from the body (the 
branclic! 
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(^, add is subsequently expelled into the Aorta, Here therefore, as in 
the Crustacea, the heart is a pulmonary one. 

The vermes of Cuvier have circulating vessels, in which contraction 
anddSatation are perceptible; without any heart. They can be seen 
very plainly in the lumMau matinus. The leeck^ naias^ nereis, aphro^ 
dke^ &C. are further examples of the same structure. This anatomist 
is of opinion that the molluaca^ Crustacea, and vermes^ possess no ab- 
Sjorbing vessels ; and he thinks that the veins absorb, as he finds 
than to have communication with the general cavity of the body, 
particularly in the cutde-fish. Hence tlie above-mentioned classes 
will hold an intermediate rank between the vertebral ammais which- 
poBseaa both blood-vessels and absorbents, and the insects which 
havfe neither. {Le^onSf &c, 1. 23, sect. 2, art. 4.) 

The comparison of the circulating system in different classes of ani- 
mals eonstitutes one of the most interesting and important branches 
of investiffatioQ in the study of comparative anatomy; and the stu- 
dent sboiud bear in mind that it was in the course of his inquiries into 
the structure of the lower animals, that the immortal Harvey was led 
to the discovery of the circulation of the blood. Much valuable in- 
fc^mation on this subject will be found in the lectures of Sir £. 
Home, from which, work we extract the following observations. 

In animals that have no vascular system, consisting solely of a 
membranous bag, there is much reason to believe no waste of mate- 
rials takes place whOe in a quiescent state ; indeed the facts which 
Mr. Bauer has published in the Fhilos. Trans., respecting the worms 
tl^at form the disease in wheat called by farmers the purples, of which 
Sir £. Home has taken notice in the first volume of his Comparative 
Anatomy upon the Digestive Organs of Worms and Insects, completely 
establishes this fact. Mr. Bauer has preserved some of these worms 
in a dried state, and has found, that although they have been kept so 
for six years, and even longer, when moisture is applied to them, 
and they are placed in the field of the microscope, they revive in five 
or six hours, and move with great agility. 

The animals next in order to these worms, are other genera of 
vermes, in which there is a circulation, but no heart : of this kind 
are all caterpillars and insects. In them the blood does not circu- 
late, and probably remains at rest at those times in which the animal 
is IB a quiescent state ; but during the period of locomotion, or when 
feeding, or using other muscular exertion, the blood undulates from 
one end to the other of a large tube situated upon the back, at such 
times supplying the different organs, and becomes aerated by the 
air-vessels which pervade every part of the body. 

Were animals classed according to the different modes of aeratinff 
the blood, one great class might be formed of those animals, in which 
the air circulates through the body, and the blood is confined to a re- 
servoir ; another, when the blood circulates through the body, and tliQ 
air is only applied to a particular portion of it. 
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Tbe heart will therefore be fonnd to be of leas hnportance thm it 
has been generally considered, and only to be an oTgaa met widi ta 
some of the higher orders of animali. 

When we consider the aeration of the blood in in*ect>, it mnat b6 
greater than in other animals ; and there is this corions eircutnatanc^- 
anting out of the bodies being so abundantly supplied with alri im 
■oon as the cold ia too great for their exerting muscular power, Ae 
apiracuU become closed, and the animal remains in a torpid state ; bj 
my increase of the warmth of the atmosphere, the air retained in die 
tubea is rarefied, the externa) oriRcesof the spiraculaare forced open, 
and the ftmctions of life are again carried on. 

This fact is not to be doubted, since we see the same thing take 
place in the vermes, when they shut up for die winter. The gorddt- 
tuait, as soon as the cold weather sets in, fixes itself upon any hard 
Bubstances, by throwing out a slime which cements tbe open edge of 
the shell to the surface, and the anail remains there during the Win- 
ter-months ; all the organs of the body being in a state of rest 

When warmth and moisture are applied, the membranotia fifad 
falls off; a globule of air that remained m the catily of tbe langa be- 
comes rarefied, and forces its way out, and edmita of fresh air beiiig 
applied to these organs. 

In animals in which the circulation of the blood is carried ott by 
means of a beart,-the Uood is aerated in very diftrent propof 
tions. 

The aphrodite aculeata has, pronerty speaking, ao blood-Teisda ; 
the water is reenved by thirty-two lateral openings b e twe en Ae Act; 
into the cavity under the muscles of the back, rad there i^iplied to 
the surfaces of the projecting cells, of which there are two rows, ft^ 
teen in each ; through these the air in the water is ooramtinicated to 
the caeca contained in them, which Sir £. Home eonaidercd to be As 
respiratory organs. 

In the leeeh there is no heart, but a large vessel upon each side of 
ind the water is received through openings i 
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cmtM ot die Tientricfe are ^rerj thin, but the action of the intestine 
Mdkaa mp for diia deficiency* 

Im the cartk-^oorm, the circulation is properly in a circle without 
UegiMHpg ov ending. One vessel runs upwards to the head, along 
the backy oomoMOiicatinff with the lateral reservoirs, but still a conti- 
nued tube goea on. It is the same with the vein or opposite vessel 
that nine dawn the tail» and the branches that go from the artery to 
the lateral oellsy have corresponding branches returning the blood tq 
lb* grant vein. This may be considered as one mode of circulation 
peswiar to this tribe ; and it is admirably contrived that the blood 
nay be accelerated in its motion by the muscular action of the body 
af the animal^ without any increase of action in the arterial sys^ 



The aeration of the blood in this mode of circulation is imperfecti 
fdhr one portioii bebg aerated and mixed with the rest, in which no 
audi cfaaagea have bc«n produced. 

In the ki mk nc Ms tuurmM, although the principle of the circulation is 
the aamc^ there are many strongly marked dinerences in the mode 
of canying it into eflfect. 

There is, as in the itrretirUf one trunk behind, going from the tail to 
the head, and one firom the head to the tail on the beUy, completing the 
circle ; but in thia animal there are external gills, which remain pro- 
truded while the animal is in the water, and the blood has such a v&« 
loei^ in theae veaada, that they may be considered as so many small 
▼entnoks ; this is an approach to the construction of the gilb of the 
Mjna, In this circulation there are two regularly formed auricles, 
aiq^ilied by lateral veins from the viscera attached to the sides of the 
gnat artery, so aa to increase the supply of the blood, and afford 
quanti^ as wdl as vdocity ; while it gives off branches to the gills, 
um main truidc pursues its course, supplying the body. In this ani^' 
msl, it la only a portion of the blood which is aerated, and from the 
atnictnre of the gills that must be in a much greater degree than in 
the AcaiMcMt terrtaris. 

The animal whose heart is nearest in structure to those described 
ia the oynerf in which the whole blood is aerated in passing through 
the^ gilb, before it is received into the auricle. In this animal, Uie 
anrioe and ventricle are very thin in their coats, so much so as to 
make them unequal to apply force to the blood ; but the ventricle is 
laterally connected to the great muscle, whose action will accelerate 
the circulation. 

In the teredo navalis the heart is situated upon the back of the ani- 
mal near the head, consisting of two auricles of a thin, dark coloured 
membrane ; the auricles open by contracted valvular orifices into 
two white stony tubes ; those united form the ventricle which termi- 
nates in an artery that goes to the bony sheU. The heart is loosely 
attached ; its action is distinctly seen through the external covering 
and in aome instances continues to act afVer it is laid bare. 
The first contraction is in the two auridea, which are shortened in 
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thatacUon, thiti enlarges theventricle before it contrmcti. Tbe gntt 
artery from the ventricle goea direcily to the head, and the Twaeh 
that aupply the auricles are aeen to come from the gills. The ami- 
des are lined with a black pigment, so that their content* cannot be 
seen through their coats; and the ventricle from its thickneaa is tMt 
transparent, but the muaclea of the boring shells are of a bright red. 
and all the parts between the heart and head are supplied with red 
blood. 

The structure of the heart is different from that of the iMmbrkmM 
marinut, and consequently the circulation is by no means peculiar; 

This animal's heart may be said to be the first in this series that m 
complete, and this first regular circulation of the blood, every part itf 
which passes through the vessels of the gills, and even througo the ci^ 
vitiesof the heart As this animal is to work a machine capaUe of boring 
■ very hard sobstance, and to go on workingduringthe wbokof that 
period of life in which Its growth ia continued, to make room for tka 
increased bulk, so it requires that the blood be more kigfaly aerated 
and Bupplied with greater velocity to these active organs. ' The heart 
also, to give it greater advantage in these re^KCta, ■ placed near to 
the boring shells, so that the blood whidi goes to ifaem, is of the 
brwhtest colours. 

In this crreulation the first action of the heart is to supply the dif- 
ferent parts of the body with aerated blood ; upon this the activity of 
the heart is wholly eserted; the blood is returned more skmly 
through the gills, and remains there a longer time^ so as to receive a 
greater degree of the influence tram the air cootaiiied in the water. 

This ia the principle on which the circulation of many of the 
vermet is established, and is exactly the reverse of what takea place in 
fishes, reptiles, and the higher orders of animals. 

The mode in which the breathing organs of the loredinei are so^ 
plied with water, makes it evident that all Ka-xoomu which have no 
cavity for the reception of sea-water, must have the breathing organs 
pbced t-xieriially, qs is ihe case willi all tlio 




DK THE HEART AND BL00JD-VESSEL9» 169 

and hmng pervaded every part of the branchise, it is conveyed by a 
smaller tnmk to the auricle, so that the gills will never be completely 
emptied ; it is then received into the ventricle, and carried into every 
part of the body. The circulation is also similar in the lamprey^ lant' 
pores^ the myxene^ and an animal nearly allied to it from the South 
Seas, which has never received a specific name, although there are 
peculiarities in the gills from which these animals must be considered 
in their aeration inferior to fishes at large.. 

In the lamprey and lampem^ the water is received by the seven la- 
teral openings on each side of the animal into the bags that perform 
the office of gills, and passes out by the same orifices, the form of the 
cavities being such as to allow the water to go in at one side and out 
at tike other, after having passed over all the projecting parts. Some 
of the water escapes mto the middle tube, and from theiyse passes 
out either into the other bags or at the upper end into the oesopha- . 
gus. 

The muscular structure of the branchial artery of the dog^Juh^ and 
the direction in which that artery leaves the ventricle, are exactly the 
same as in the sqtialui maximuSf only they are seen on so small a 
scale, that they do not arrest our attention ; but when maignified to 
the same sise which they acquire in this fish, they make a stronger 
impression upon the mind, and force us irresistibly to inquire after 
their use. The direction of the artery appears to be common to fidies 
in general, but the muscular structure that is met with in the bran- 
chial artery, is confined to particular tribes. Sir. E. Home met with 
it in the stur^eon^ and says it is common to sharks. 

In the wolf'-Jkh^ the anarhichus lupus, the muscular structure of the 
branchial artery is nearly the same, but the valves are placed close to 
the opening of the ventricle, and only two in number. In the turhoi 
there is no muscular structure in this part, but the coats are extremely 
elastic, and admit of being very considerably dilated, particularly at 
its origin, where three valves are placed, and so contrived, that the 
dilatation of the artery makes them shut more closely. 

In the lophius pUcatorius there is no appearance of muscularity in 
the coats of the branchial artery, and no lateral valves, as in other 
fishes ; but there is a muscular tube half an inch long, rising from 
the edge of the opening of the ventricle, which projects into the ar- 
teiT. 

These different structures, so unlike one another, and bearing no 
resemblance to the mechanism in the same parts in quadrupeds, 
make it probable that the circulation through the gills is impeded by 
the external pressure of the water in different degrees according to 
the depth of the fish from the surface ; therefore in those fishes 
which frequent the great depths, as the squalus, in all its tribes, there 
is a muscular structure in the coats of the branchial artery, which, 
when the fish is deep in the water, by its contraction diminishes the 
area of the vessel, and makes the valves perform their office ; but 
when the fish is near the surface, this muscular structure, by iu re- 



no 
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UxUJOD, reiulera the area of the taterj ao wide, i^tat reoo^tatiaa li 
the blood takes place into the Tentriclea, and prereots Uie ■mall tm- 
Bcla of the pOa from being too much loaded. 

That audi regurgitation can take place when the moKde ia rdaxed, 
ia aacertained by the ventricte being readily injected after death wiA 
coarse injection from the artery, the valve* alloiriiig it to pan. 

In fishes chat snim deep and do not come to the su^ce, as the 
teo^-JUh, the regurgitation does not take place into the rentiicla; 
Iwt the relaxation of this muscular portioti of the artery allows it to 
dilate and form a reservoir, and the valves remain closed so as to 
prevent more blood leaving the ventricle. 

In fishes residing at moderate depths, as the turbot, elastidty b 
employed as a substitute for muscular powers, there being less mi»* 
tion. In the lophiut piseatotitu, which probably never desoendi 
into water of great depth, the ventricte is so weak that the ati|^y of 
blood to the gills is regulated by the contraction and relaxation <d % 
muscular valve. 

The heart of the numatce, or dugontg of the West Indiea, has iu 
ventricles completely detached from each other; when we compare 
tUs with the heart of the vihale trV>e, we find that the right ventricle 
in tke wkak is a nearer approach to the left than to the quadruped. 

The ventricles in the dugoag, although similar in stiueiure, are not 
exactly of the same siie. The left is thickest, and half sn inch 
longer. . 

The auricles resemble those of the whale, having the same traan* 
verse ligamentous bands. 

The valves had nothing particular in their appearan c e. 

The fbnmen ovale was entirely dosed, but il> aitnatioB wna dia> 
tinctly seen. 

The relative siee of the aorta and pulmonary ait^ was die nae 
as in the efapAarX. 
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% 170. It was regarded as an axiom even by Valsalva, that 
those animals, wluck have true blood-vessels, have also an 
absorbing or lymphatic system. It appears also that the con* 
verse of this proposition is true : viz. that those classes only 
have true Ijrmphatic vessels, which possess at the same time 
a perfect drcuhiting system of blood-vessels ; that is, only the 
fottr classes of red-blooded animals. 

In many of what are called white-blooded animals, there is 
a kind of absorption very evident ; as in the armed polype^ 
whose parenchyma becomes tinged in a short time with the 
colour of those insects which have been swallowed. The ex- 
btence of absorption is inferred by analogy from other pheno- 
mena, as the metamorphosis of larvce, Sec. But no true 
system of real absorbing vessels has been hitherto demon- 
strated in these animals.* 

§ 171* This system (which comes most properly under con- 
sideration in the present chapter, on account of its relation to 
the circulation of the blood) consists of the lacteal vessels, 
which arise from the small intestines, and of the proper lynh- 
photic vcfssels, which belong to the rest of the body. It in- 
cludes also the conglobate glands^ which are found in most of 
the animals which have this system, and seem to consist 
merely of a congeries of vessels ; and lastly, the thoracic duct, 

* Sheldon has ascribed absorbing vesaels to the tilk-ioarm and other larva. See 
his history of the absorbent system, part i. p. 28 ; and Monro to the $ehinus eMcuUn- 
tus, (sea hedgehog) in his PhythL of Fitha, p. 88. 
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which is the chief canal for conveying the fluids from the 
lymphatic system into the blood. 

The structure antl offices of the absorbent glands have been iUiis- 
trated by the observations of Mr. Abeniet}iy on the formadmi of 
these parts in the whale. He found the mesenteric glands of that 
animal to consist of large spherical bags, into which several of ibe 
lacteala opened. Numerous vessels ramified on these cysU ; and tbe 
injection passed from their secerning extremities into the cavity. In 
the groin and axilla of the horse he also found them to consist of one 
or more cells. Hence there can be no doutft that the absorbed fluid 
must receive an addition in its passage through these bodies. PkUm. 
Trans. 1796, pt. 1. 

It has been much questioned whether the lymphatics have any 
communication with the venous system prior to the termination of 
the thoracic duct. The observations of that ingenious veterinary 
surgeon, Mr. Bracy Clark, have determined thu queation in tM' 
a£Bnnative; as he has found the trunk of the lympnatic system to 
have several openings into the lumbar veins in tbe borae. Rees'ti 
Cfclopadia, article Anatomy Veterinary, 

The communication of the lymphatics with the veins in the four 
classes of vertebraled animals has of late yean been demonstrated by. 
Lippi, Fobmann, and Lauth, and in the anatomical museum of Heidel- 
berg there are numerous beautiful specimens shewing this fact, 

HAMHALIA. 

^172. An the parts of the absorbing system, which have 
been just enumerated, are most perfect and manifest in this 
class of animals: it is well known indeed that all the chief 
parts of this important system of vessels have been first disco- 
vered in mammalia. When their lacteals cont«n chyle, Aey 
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or receptaculum chyli. The course and distribution of the 
thoracic duct vary in quadrupeds, at least in our domestic 
animalsi as much as in the human subject. It forms, not.un- 
firequentlyi in the dog a kind of annular portion at its upper, 
or more properly anterior end ; which trivial .variety Van Bils 
transformed into a constant and important circumstance, and 
called ** receptaculum tortuosum,*'^ 

In many mammaliaf particularly of the order y!?r^, the me- 
aenteric glands are collected into one mass, which is known by 
the inappropriate name of pancreas AseUiu^ 

Sir Everard Home has found that in the sea-otter the receptaculam 
chyli sends two tnmks to form the thoracic duct. These have fre- 
quent communications ; .so that there are sometimes three, frequently 
four» and never fewer than two trunks running paraOel to each other. 
Phihs. Trans. 1790, pt. 2. 

BIRDS. 

1 173. The chyle is transparent in this class ; therefore the 
lacteals are only distinguished from the lymphatics by their 
situation and office. There ate no glaiids in the mesei^tery, 
although conglobate glands are found in other parts in several 
of the larger birds. Their thoracic duct is double.^: 

In a communication made to the Academy of Medicine at Paris in 
1819, M. Magendie denied the existence oflymphatics, with few ex- 
ceptions, in the class of birds. He dissected more than fifty birds of 
different kinds, and was not enabled to discover the lymphatics in any 
part of the body except in the neck of the swan and goose ; in this 
piurt he found the lymphatics and glands as in mammalia, filled with a 
fliyhanous and colourless lymph. The opinion of Magendie has been 
satisfactorily refuted by several anatomists, particularly by Dr. Lauth 
of Strasburg, who, in an excellent treatise, entitled Memoire mr les 
vaiueaux L^mphatiques des Oiseaux et sur la maniere de les preparer^ 
has proved the existence of lymphatics in birds. § 



* He has represented it in a very beautiful plate, as far as the engraying goes, in 
hii Rsipaiuio ad AdnumUioms, Jo. Ab. Home. Roterod. 1661, 4, p. 7. 

t Aaellius D$ Lactibus, tab. 1 and 2. 

t Hewaon, in the PhiL Traru, to1« Wii. tab. 10, of the evcfc. See also Magendie, 
in his Journal ds Physiologie ExphimmUaU, torn. i. 1821. 

$ See the woik recently pnbliihed by Fohmann, Teacher qfAnatcmy at Liege, en- 
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AMPHIBIA. 



^ 174. Lacteals are found in great number to the < 
mesentery of the turtle. The thoracic duct is double. TIm)!* 
laem to be no lymphatic glands at all.* 

The distribution of the lymphatica on the intestine of tbe turdi 
foms one of the most elegant preparationa in comparative anatun. 
By iixing the injectmg tube in a vessel near tbe intestine, aiMl wait* 
ing nith a little patience, the quicksilver will gradiiaUy find its my 
into tbe minute ramifications of tbe lacteala. The peritoneal nrftee 
of the gut is covered with very minute straight parallel brancbea, 
riuming according to the length of the intestine. Its inner sor&ec is 
no less thickly covered with lacteals of a diSereot **" 



dried it seeniB as if the quicksilver were contained in mnll aify, if9- 
verii^ tbe whole internal surface of the iDtestine so cofuplMely that 
the pont of a pm could searcdy be placed between tbeni. 



% 175. The lymphatics of these animels seem to be deeti- 
tnteof glands and valves: they want also the lyrophatie glands, 
and their thoracic duct divides, at least towards its aolerior 
part, into two chief branches.-t- 



titled Dal Sngaitr SyiUm itr (TtrMtAUn Tm. Fn. AlinmN, Du Smigadtr 
^sta* dn- Fiidit, Heidclb. snd Leipt. 1827, nprewnliBg &t lymphitici of tbs 
stomsdi, liTcr, (pleen, lateriiDei, geaitsl ocgui, snd fini, s« well m the thdtsde 
doet of UttgymMha titetrtct, ft, pHt, jtc. r nkmar Fehsaiiii hsa siimmlMiil lu 
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CHAPTER XIV. 

ON THB ORGANS OF RESPIRATION. 

4 176.* Thb inceiiant continuation of the great chemical pro- 
cess bj yMdk oofjfgmt the true pabulum vitse^ is exchai^i^ 
for hydrogen and carbon, is essentially necessary to the weU- 
being of the greater part of animals. Yet the organs and 
■iechanism by which this wonderful fimction is carried on 
vary vety eoosiderably.t In the mammalia after birth ; In 
birds, when they have left the egg; and in amphiUa whw 
completely formed, the chief organ of thb function is the 
hmgsf in fiA it is performed in the gUis; in most insects in 
fStmi iracke€B ; inthevermes, in analogous, but at the same 
time Tery diffiirent parts. 

MAMMALIA. 

^ 177. The lungs of quadrupeds agree on the whole in 
structure, form, and connexion, with those of the human sub- 
ject. In tibe eeiacea, on the contrary, and in the web-footed 



* Mncbi initnictive inferma^n on the respiratory system in different animals may 
be feimd in Geoff. St Hilaue, Philotoptue AnaUmique, Par. 1818. 

t Aug. Brooasonet Varim Pmtionet chrca Respintionem, Monspel. 1778, 4; alto 
Lading's Deltetut Opustulor, ad Seieui» Naturaiem tpeetant, li^nm, 1790, 8, 
p. 118. 

Chr. U Nil2sch Df Re^^irati(me AnimaHum. Viteb. 1806, 4. 

O. J. Van Der Boon Mesch De Circulatunt et Retpiratione AnimaHvm Pulmmbu^ 
hutruetonm, Leid. 1812, 4. 

Fonqnet De Orgam R«sptratmt in Animalium terig mxthttione, Jen. 1818, 8. 

A. F. Sdiw«iggei's CUurifieoiion dtr Thign mteh dm Re^piratmt-Organin, im 
K9igi^pk$fjgtt Amkt9» /wr iftihifwin* oCc^ i« Ih. jk 90. 



17G OF THE OKQANS OF RESPIRATION. 

maininalia, (as the manati) which approach most nearly to 
them, they are distinguished by a Brmer texture, particnlarly 
of the investing membrane, and by their peculiar form ; since 
they are not divided into lobes, but have an elongated and 
flattened appearance. They are adherent to the pleura, as 
well as to the very strong and muscular diaphragm.* 



1 178. The respiratory organs of this class constitute one 
of the most singular structures in the animal economy, on ac- 
count of several peculiarities which they possess ; but more 
paiticularly in consequence of their connexion with the nu* 
lOerous air-cells which are expanded over the whole body.t 

The lungs themselves are comparatively smal^ flattened, and 
adherent above to the chest, where they seem to be placed in tbe 
intervals of the ribs ; they are only covered by the pleura on 
thdr under surface, so that they are in &ct on the outside of the 
cavity of the chest, if we consider that cavity as being defined 
by the pleura; a great part of the thorax, as well as the ab- 
domen, is occupied by the membranous air-ceOsJ; into which 
the hmgs open by considerable apert\u%s. Those of tbe tho- 
rax are divided, at least in the larger birds, by membranous 
transverse septa into smaller portions,^ each of which, as well 
as the abdominal cells, has a particular opening of communica- 
tion with the air-cells of the lungs, and consequentiy with the 
trachea. The membranes of these cells in the larger birds 
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mbo serve Very principally, as we may ascertain by examining 
large birdg in a living state,* to drive back again into the 
lungs the air which they received in inspiration, whence the 
repletion tod depletion of the thoracic cells must alternate 
with diose of the abdominal cavities.f 

The cartilaginous annuli of the trachea, which are in general more 
complete in me other mammalia than in man, are perfect circles in 
birds, and overlap each other at their upper and lower margins. 
Hence the diameter of this part is not affected by any twisting motion 
of the neck. 

The air-vessels are considerably larger than in the mammalia, and 
(he substance of the hings is not divided into lobiili. The cartilages 
of the trachea are lost before that tube enters the lung, and some 
of its large branches open on the surface of the viscus. In the 
ostrich this aperture is surrounded by circular muscular fibres, a 
peculiarity which does not seem to have been hitherto noticed 

§ 179. Besides these cells, a considerable portion of the 
skeleton is formed into receptacles for air in most birds ; for 
there are indeed exceptions and considerable variations in the 
different genera and species. This structure is particularly 
marked in the larger cylindrical bones, as the scapula, clavicle, 
and femur. It is also found in most of the broad and multan- 
gular bones of the trunk, as the sternum, ossa innominata, 
dorsal vertebrsD, &c* All these are destitute of marrow:]: in 
the adult bird, at least in their middle ; so that the cylindrical 
bones form large tubes, which are only interrupted towards 
the extremities by a sort of transverse bony fibres ; the broad 
bones are filled with a reticulated bony texture, the cells of 
which are empty. They have considerable apertures § (most 
easily shown in those extremities of the cylindrical bones 

the clMSt of the bird, can be properly compared to the diaphragm. See J. Hunter, 
ia the PhUot, Tram, vol. Ixiv. part i. p. 207 ; and Mich. Girardi, in the Memorit 
dOlm SocMta ItaUana, torn. ii. part ii. p. 739. 

* Wepfer, Cieuta Aquatica HiMtoria, p. 171. 

t J. B. Du Hamel, Hutaria Acadtm, Reg, Seient. p. 141. 

t This hd was known to the Emperor Frederic I[. See his treatise De ArU 
Mmmdi aim Avilms, p. 39 of Schneider's edition. 

i Camper's Kitine Sekriften, vol. i* part i« tab. 1 and 4« 

N 
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whicb are turned towards the Btemum) commuiduting wilh 
the lungs by small air-cells ; which facts may be shewn by n^ 
rious experiments on living and dead birds.* 

These receptacles of air probably serve the purpoee of 
lightening the body of the bird in order to flicilitate its mo- 
tions. This effect is produced in most birds to asaiat their 
flight ;t in some aquatic species, for the purpose of swimmingj 
in the ostrich and some others for running. Henoe we find 
the largest and most numerous bony cells in birds which hare 
the highest and most rapid flight, as the eagle, &c. And 
hence also the bones of the bird which has just left the egg^ 
are filled wiUi a bloody marrow, which is absorbed soon after 
Inrtb, entirely in some, iii others, pardcularly among the 
aquatic species, for the greater part. 

We may howerer conclude on the other hand, that, all 
these bony receptacles of air are not, like those of the thorax 
and abdomen, immediately connected with the resfnration of 
the animals. For in many birds the interval between the two 
tables of the cranium contains air, while the apertures fi>r its 
admission are not connected with the lungs, but merely with 
the Eustachian tube. 

% 180. The immense bill of some birds, which are for that 
reason called levirostret, is provided with air from the same 
quarter. This structure is not therefore connected, as some 
anatomists^ have supposed, with the o^an of smelEng, but 
forms a part of the air-cells. 
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fttral Tmds, and in the great vocal exertions of the singing 
birds** They are also obviously serviceable in the evacuation 
of the feces, and probably assist in the expulnon of the egg. 

The bones of birds, in so far as their air-cells are concerned, form 
two Asiiiict systems, the one being filled with air through the trachea 
and lungs, toe ether immediately from the mouth or nose. To the 
latter the bones of the head, to the former those of the trunk, of the 
neck fnd extremities belong. With very little practice one may tell, 
in a bone fully developed* whether it contains air-cells or not, from 
the mere external appearance, without at all seeing the opening 
thiouffh which the air ente^. Such bones, in addition to their being 
devoia of marrow, aregenerally of a clearer white colour than thos^ 
filled with marrow. frequentW the external walls of the air^bones 
are ip thin that dirir internid ceus can be very well seen* Neverthe^ 
less, mere estemal appearances may deceive, and in order to pre* 
vent this the openings leadinff to the air-cells should be sought fin^ 
These openings are in generid, as their connexion with the lungs Of 
air-tubes renders necessary, situated in concealed parts, and the ex- 
tremities of bones. This circumstance, coupled with their smallnessi 
makes fbm discovery so difficult, that in many cases not only tbf 
ckanin|^ of the skeleton and the separation of the bones from all their 
connexions, but also the minutest examination of their surface, are 
neceflNKury to dtsoover dieir existence. In long bones the openings t9 
the air-ceDs h generally situated close to either extremity. In bones 
which exist in pairs there is commonly only one, or where several 
exist they are so dose together as to be nearly united. The direction 
in which the openings penetrate the bony parietes is not nnifbrm. 
Sometimes ii is obliif ue, so that a short oblique canal is formed ; a^ 
others there h an oblique groove with a sieve-like base for the entrance 
of the air. The edges of the openings are even, smooth, and rounded, 
which gives them a peculiarly regular appearance. Their shape is 
either circular, oval, or elliptical. Their breadth bears some kind 
of proportkb to the siae or the bone, or at least to the extent of 
the internal cells, so that laree birds, and large bones, have much 
larger openmgs dian the small ones. There are, however, very re- 
tmkMe exeeptions. With respect to the internal air-ceHs great 
diffiereneea exist. There has been ibraid in the internal periosteum 
which lines the air-cells, in the bones of the upper and lower exGre* 
mities, a fine net-work of blood-vessels. It is known that the air- 
bones in young birds are fiUed with marrow, which becomes gradu- 
idly absorbed to make room for the adbnission of air. This gradusl 
expansion of the air-celk, and i^Morption of the martow, can no 
where be observed so well as in young tame geese when killed at dif- 



* Willii Df Anima Brutorum, p. 30. 
K 2 
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knot periods of Hie autumn and winter. The limits to the air-cdb 
mmy be clearly seen from without by the trsnaparency of tbe bony 
panetes. Prom week to week the air-cells increase in nxc, t31 to- 
wards the close of the season the air-bones become tranaparenL In 
■11 these bones the marrow 6r8t disappears from the vicmity of the 
opening which admits the air, and continues longest at the pointt 
further removed from this opening. Towards the close of the sum- 
mer and beginning of autumn, although in external appearance the 
young gooae resembles the parent, no trace of air-oella can be dim^ 
vered in its bones, the interior of the bones being then filled with 
marrow. About the fiflh or sixth month the marrow benna to di«- 
appear. This circumstance, which applies also to other birds, abowi 
with what caution one shoidd form an opinion, from young birds <m1y, 
on the sise of the air-celts. In many kinds of birds the sir-cells of 
some bones are never fully developed, although they have the open- 
ings in the bones which lead to the air-ceth. The obvious use ofthia 
construction in the bones of birds, a^ars to be that of lessening the 
weight of the hone as compared witti its siie, without at tbe same 
time diminishing their necessary peHpheHcal extent. Whether birds 
possess the power of voluntarily letting out tlie air so as to render 
them specifically lighter, or whether they contain lighter gases in 
them, has not been ascertained. Fid. JVr'fucA'* Oueogrqf. Beitrage, 
p. 3. 

" In the eagle, hawk, Uork, lark, and other high flying birds, t&ew 
cells are verylsrge ; and in many of those birds there are still lamr 
cells, ascending under the integuments of the neck, and passing be- 
neath the skin of the inside of the arm and back of the abonlder. Is 
Che stork we find these cells laree enough to admit the fin^ ^Jf* 
C considerable way down upon tne inside and back of tbe wmg. Thej 
are also large in the owl and other birds of prey." Haevtney in 
Reel's Cyclopedia, art. Birds. 
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pigfai, and lately Townson^* have explained this phenomenon 
by the action of the constrictor muscles of the glottis. Bre- 
moiid thought thb insufficient according to his experiments, 
and ascribed much effect to the peculiar vitality of the lungs.f 

The arni^iibia are distinguished in all instances by the great size of 
their air-vesicles. In the /rog«, lizards^ and serpents^ the lung consists 
of a cavity, the sides of which are cellular. The lower, or posterior 
part of the organ, either forms a mere membranous bag (the parietes 
of which are not cellular), or else the vesicles are larger at that part 
than elsewhere. In the serpents the lung has that elongated form, 
which characterises all the viscera of these animals. A considerable 
portion of it is a simple membranous cavity ; and this is supplied 
with arteries from .th'e surrounding trunks. The turtles have a more 
comj^cated strueture, or one which approaches more nearly to that 
of the warm-blooded classes. The lungs are uniform in their texture 
throuffhout, but the vesicles are very large. The cartilaginous an^ 
nuli of the bronchi terminate before Uiese vessels enter the lungs. 

% 183. There are numerous projecting processes in the 
lungs of the ekameleonX and newt; in the latter animal they 
temunate behind in an elongated bladder. The serpents, at 
least for the most part^ have only a single lung, which forma 
an elongated veaicnlar bag. In a coluber of four feet and a 
half long, the lung measured one foot one inch ; its anterior 
half resembled a muscular intestine in appearance, and had an 
elegantly reticulated internal surface, which resembled on a 
small scale the inner surface of the second stomach of the 
ruminating animals. The posterior part fojrmed merely a 
simple and long cavity with thin sides. 

S 184. In the iadftole^ and the young of such lizards as 
briqg forth ia water, there are two organs, which somewhat 
resemble the' gills of a fish (appendices Jimbriata, Swammer- 
dam).§ It has been doubted whether the young of the true 

* Df AmpkUnis. Goett. 1794, 4. 

t See on the same subject Rudolphi's ezperimeDts, in his AnatamiMdi-PhytuiagU' 
eh0 JbkandktngM, p. 119. G. R. Treviranus, Biologie, vol. iv. p. 141 ; and espe- 
cially Const, de Weltzien De pubnonum autenergia in organieo rttpiratumis nucho' 
num. Dorp. 1819, 102. 

t Valiisnieri's Ittaria del CamtUonU, p. 68, tab. 3. 

$ BibHa Natwra, p. 822. Rosel, tab. 2, fig. 18 ; and especially Conr, de 
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Balanunder are provided with these appendicea ; and Latmlle, 
in his Hitioire Nalurelle des Salamandret d« Framee, p. 19, 
and seq. has the following questi<Mi, " Le*je%net Molamandra 
terrettrea ont eltes del branchet? voila wie qtiettion qtieje 
meta encore au rang des problemet." I auwered this question 
in the alErnwtive forty-one years ago ; having obaerved that 
the young of some pregnant salamanden, whom I kept in my 
room in glasses, and who brought forth under my inspection, 
had considerable branchial appendices,* These appendices 
are connected to the ndes of the neck. Mid hang loose from 
the animal ; they are not permanent, but are gradually with- 
drawn into the chest, (within a few days, in the reptiles of 
this country (Germany), where their remain* nay still be per- 
ceived for some timef near to the true lungs. That doubtful 
animal, the siren lacertina from Carolina, has, according to 
Hunter's dissection, two Uadder-Iike lungs, bendet the erier- 
lial branchiK.^ 

The same circumstuiee holds good respecting that no lets 
inysterious creature, the protetu angnmiu, from the Cirkmtx 
or Sitticher lake of Camiola ; whose remarkable internal struc- 
ture has be«i described and delineated by Dr. Schreibers in 
the Pkiloa. Trana. for 1801 ;§ and more recmtly by Signers 
Configliachi and Rusconi in tbeir ^borate monograph on the 
proievt angmnut. 

Instead of the branchial opening by which fishes again dit* 
charirc- tlip w.ttpr. which tliev have taken in at the mouth. 
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•mne tBdJMles have for thift purpose a eainl on the left side of 
the head near the ^ye,* which must be distinguished from the 
small tube on the lower lip, by which they attach themselves 
to aquatic plants.*}* 

' After an daborate anatomical description of the proteus angumus^ 
Signors Configliachi and Rusconi proceed to inquire whether it be 
true, as manv naturalists have believed, that this reptile breathes 
with its branchiae and lungs at the same time, and, secondly, whether 
the sirena lacertina is to be considered by zoologists as a laroa, or as 
a perfect animsL In respect to the bony apparatus of the branchiast 
they found a remarkable difference between the proieui, the iirauit 
and the larvse ot talamanders and/ro^«, both as to form and hardness. 
In the Mtat and lan^ there are four branchial arches on each side, 
which are furnished with several projections on the sur&ce ; in the 
praiau there are but three arches, which are perfectly smooth ; those 
of the ^ro#CTf» are osseous, while those of the siren and larra are cartila- 
ginous. These differences did not escape M. Cuvier, who in speaking 
of the proieuif observes, that the bony apparatus of the branchiae is 
ihuch narder than it is in the sirena and tne oxolotL Signors Con- 
figliachi and Rusconi observed in the larva of frogs, that when their 
spine is nearly hardened into bone, and their metamorphosis is 
Deginninff to be accomplished, the branchial arches become softened, 
and rea^ to be absorbed. They observed the same thing in tiie 
larvae of aUamanderi, with this difference, that the ossification of 
the spine takes place in the latter much sooner than the period 
of their metaouMphosis ; and when that period arrives, the portion ot 
their branchial apparatus, which remains to be converted into the os 
hyoides, instead of softening, becomes hardened into bone. Thus 
their observations fully confirm the conjecture of M. Cuvier, who, in 
his detcripiion of the axohil, has observed, that the apparatus sup- 
porting the bnuiehise has a great resemblance to that of the sirena^ 
and that probably, at the period of its metamorphosis, a portion 
remains to form the os hyoides of the salamander. Now, if the 
branchial arches of the sirena, dissected by M. Cuvier, were entirely 
butilaffuious, although the cranuim, the lower jaw, and the vertebrae, 
were already perfecuy ossified, and if these are similar, in form and 
dumber to those of tne axolotl, which, in the opinion of M. Cuvier 
himself, is a iarva, and if, moreover, the branchial arches of the 
proieatf which is a perfect animal, are osseous, and different in 
fll respects from those of the larvae hitherto known, do not all these 
fiicts furnish us with a strong argument to prove that the sirena 



* • Eoeel, tab. 8, fig. 7, 8. This organ is very conspicuous in the large larv© of 
ibk rana parad4fia, 

t RiSsel, tab. 14, fig. 17. Rosenthal, in the Verhandl. (Ur Berlih Miwfonch, 
Guelbeh, vol. i. part 1, 1819. 
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laeertma is a perfect Hnima], and therefore essentially diflerent from 
the proieut T Signors Configliaclii and Ruacooi, after a minute eooa 
mination of the organs of circulation and respiration in the pntlau, 
liretui, and above mcnuoned larta, conclude, that the prottut angmtuu 
is not an amphibious animal, with a double circulation, aa many have 
asserted, but a perfect reptile, entirely differing &om all otben, 
inasmuch as it is a reptile in respect of its simple circulation, and a 
fish in respect of its mode of breathing; in other words, it is a reptile 
which in breathing inhales air mixed with water, whereas other tva- 
tiles breathe atmospheric air ; so that if we adopt the notion of a 
chain of beings, the proicvt anguimu would be the link uniting rep- 
tiles with fiahes. As the proteut is an animal which breathes only in 
the water, and as its branchial circulation can be regarded only oa a 
minute part of its general circulation, it follows UiM it conaumet 
less oxygen than fishes. Hence the quantity of blood which ia de- 
carbuniied in its branchio;, within a given space of time, mnat be 
much leas than that which, under similar circumstances, i;i decarbo- 
niied by fishes. This accounts for its inertnesa, its slow growth, ita 
power of fasting longer than any other animal of its class, ate fluidity 
of its blood, and its capability of living in stJ^inant water, where a 
fish of its size would die. 



S 185. Instead of lungs, this class of aninMls is Airntshed 
with pUt or bronchus { which are placed hehind the head, on 
both sides, and have a moveable gill-cover, (ppercubim broM- 
chiale) which ia wanting in the order of pueeM ehondroptert/gii 
only. By means of these organs, which are connected with 
the throat, the animal receives its oxygen from the air contain- 
ed in the water ;* as those animals which breathe, derive it 
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dmsions of the gills constitutes one of the most delicate and 
minute pieces of structure in the animal economy.* 

Each of the gills consists, in most fishes^f of four divisions, 
resting on the same number of arched portions of bone or car- 
tilage, connected to the os hyoides. Generally there is only a 
single opening for the dbcharge of the water ; but in many 
cases, particularly among the cartilaginous fishes, there are se^ 
▼eral openings. 

S 187. Many animals of this order possess a single or dou* 
Ue swimming bladder,;!^ which in the fresh- water fishes of this 
country, (Germany) contains azotic gas; and in salt-water 
fishes, chiefly carbonic acid gas. It has not been hitherto de* 
tenmned, whether it be subservient to any other functions,! 
besides that well known one, from which its name is derived. 
In the mean time, like the air-receptacles of birds it may be 
considered without impropriety in the present division of the 
work. 

It is placed in the abdomen, and closely attached to the 
spine. It communicates generally with the oesophagus, and 
sometimes with the stomach, by a canal (ductus pneumaticus) 
containing, in some instances, as the carp, valves which seem to 
alknr the passage of air from the bladder, but not to admit its 
entrance from without. 

The air-bladder does not exist in many fishes ; whence Cuvier ar- 
gues with justice against the opinion which assigns this part an im- 
portant office in respiration. Indeed it seems much more probable 

• Fischer's Naturhistar, Fragmente, vol. i. p. 213. 

t It is represented by Monro, in the haddock and talmon, tab. 25 and 26. 

X See Oott. Fischer u6er dU Schwmmblate der Fisehe. Leiprig, 1795, Svo. } and 
additions to it in his Naturhutor, Fragmente, vol. i. p. 229, &c. In both these works 
he deUneates the bladders of several fishes. Representations of several others may 
lie seen in Needham De Fonnato Feetu, tab. 7. Redi, De Vtventibui intra Vwentia, 
tab. 3, 6 ; and the 06s. Anat, ColUgii privati Amttelod. pt. 2, Ub. 10. 

i Consult Aug. W. Zacharia's ElemenU der Luftsekwimmkuntt. Wittenb. 1807, 
p. 90. 

On the remarkable connexion with the organ of hearing, vide £. H« Weber Dt 
aur$ Ammalium a^tmtiUym, Lips. 1820, 4. 
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cbst it ia lubservient to the motions of the animaL For it la ht^ 
gest in such fishei as swim with considerable velocin. It it wut* 



ing in the flat fishes ; where the large lateral fins supply its riace, wnd 

" ' ' «andstn ' 

y> which posscsts nooBof 

these com'pensalions for its absence ; that fish therefore cre^t alowfy 



in the ihark, where its absence is compensated bj the siie and ttiength 
of the tail. It does not exist in the ^os^rnF, which p 



at the bottom of the 

It is found in some spedea of tcomber .- while others want it, tiz. 
the Kockarel [tcotaber icombnu), Ita f<mn is infioiteljr varied in dw 
different genera and species. Its cavity is generally luufonn ; bat 
sometimes divided by septa, as in the tiltaiu; and being even very 
cdlular in the diodon. 

Its sides vary considerably in thickness, and are aometimes bony, 
aa in the cobku/oMiilis. 

There is generBlly a vascular and giandular body situated in ib« 
cavity, which probably secretes the contained air. In the perca labras 
are two bodies on the outside of the bag, giving rise to sevoal vet- 
sels, which contain air. These unite together, and tfpen into the ca- 
vity. 

INSECTS. 

^ 188. That white-blooded animals indispensably require a 
species of respiration, wottld have been inferred by analogy 
from the wonderful apparatus of gills or tracbes, which have 
been discovered in mott orders of both classes of these beings* 
But in many cases direct proof has been obtuned on this point : 
experiment has actually proved the exchange of carbon for 
oxygen.* 

Wliite-blooded animals are moreover distingiushed from 
those which have red blood, by this circumstance, that none 
of the former, as far as we hitherto know, take in air through 
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wd partieiikrly tbe land-insects, which constitute, as is well 
known, by far the greatest number of this class of animals, are 
flbnrnbhed with air^^vessels or trachess, which ramify over most of 
liheir body.^ These tracheae are much hrger and more numer^ 
ous in Ae larva state of such insects as undergo a metamor« 
pilosis (in which state also the process of nutrition n carried 
on to the greatest extent) than after the last, or, as it is caDed# 
die perfifict change has taken place. 

In this class of animals the scorpions, being also provided 
with fins, present an extraordinary instance of an animal^ 
which, though living nearly in the air, breathes like fishes.f 

S IfiO. A large air-tube {trachea) lies under the skin on eiich 
side of the body of larvce, and opens externally by nine apeiw 
tures (sHgmaiia): it produces on the inside the same number of 
trunks of air-vessels, (ArmicAtar) which are disMbuted over the 
body in innumerable ramifications.^: 

Both the trachess and branchiae are of a shining silvery co^ 
lour ; and thdr principal membrane consists of spiral ftbtesi 
The most numerous and minute ramifications are distributed oil 
the alimentary canal; particularly on the above-mentioaed 
eorpus adiposum.^ 

§ 191. There is a great variety in the number and situa^^ 
tton of the external openings by which insects receive their 
9ir.% 



^ Cajt. Spieyel D$ partilna quibut insecta spbrUum ducunU Leipi. 1815. 

f Trerinuiis Hbtr dtn vnnem Btm der Araekniden, Nurnb. 1812. 

f Lyonet AntiUmd§ dt Is ChtniiXU, &c. tab. 4, 5, 6, 7, 10, and 11. The saine 
off^axM ka¥e been represented by Swammeidam, in the tcttrabciui ntuicemU, tab.29i 
Sg. 9, 10, tab. 30, fig. 1, 10. In the lueanui cenm (stag-beetle) by Malpigfai, Ih 
Bombyce, tab. 3, fig. 2 ; in a cicada, ibid. fig. 3. In a grylluM, (grasshopper) ibidt 
tab. 4,. fig. 1 ; also by Cavier, in the Mim, ds la St>e.d'Hi$t, Natmr§U* d§ Parii, an 
7t p- 39. In the ailk-wonn by Malpighi^^ tab. 3, fig. 1. In a UbtUula by Chmcr^ 
in the work just quoted, fig. 2, 5, 6. In the EphefMra by Swammerdam, tab. 14, 
fig. 1, Ub. 15, fig. 1, 4, 7. In the bee, ibid, Ub. 17, fig. 9, 10, tab. 25, fig. 10, 
tab. 24, fig. 1, 2, 3. In tbe cutnu bovis, by Mr. B. Clark, in the Trantact, ^ the 
Utmaan Society, vol. iii. tab. 23, fig. 25. In the maggot of the fly by Swammerdam^ 
tab. 40, 41, 42, 43. In the Umte, ibid, tab. 1, fig. 8, 4, 7. 

i See the work abore quoted, by Hauaama&n. 
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In most instances the atiginata are placed on boA ndes of 
the body. The atmospheric air enters by an opening at the 
end of the abdomen in several aquatic larvK, and even perfect 
insects. A very remarkable change in this respect takes pUce 
in seTeral animals of this class during their metamorpbons. 
Thus in the larva of the common gnat, {ctdex jnpien^ the uc 
enters by an opening on the abdomen ; while in the nympha 
of the same animal, it gains adtnbsion by tvo apertures on the 
head.* 



^ 193. In this class, which comprehends sudi very di£ferent 
animals, the structure of the respiratory organs is proportiim- 
ally ▼arious.f Some orders, as those which inhabit corals, 
the proper xoopkytea, and perhaps the intestintU vomu, ap* 
pear to be entirely destitute of these organs ; so that if any 
vital function, 'analogous to respiration, is carried on in these 
animals, it most be effected by methods which yet remain to 
be discovered. 

^ 193. Those vennes, however, which are furnished with 
proper organs of respiration, have the same variety in their 
structure which was remarkedin insects. Some, as the cattle- 
fahfX oytter,\ &c. have a species of gills, varying in structure 
in different instances. But the greatest number have ur-ves- 
sels or trachefle.|| Several of the testaceous vermes have both 
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lands of respiratory organs. In some of the inhabitants of bi- 
valve sheUsy as the genus Venus^^ the air^essels lie between 
the membranes of a simple or double tubuhur canal, found at 
the anterior part of the animal, and capable of voluntary ex* 
tenrion and retraction. It serves also for other purposes, as 
laying the eggs. The margins of its mouth are beset with the 
openings of the tracheae. 

In the terrestrial £a$teropodous tnollusca, of which we may in- 
stance Uie snaU and sZig, there is a cavity in the neck receiving air 
by a small aperture, which can be opened or shut at the will or the 
animaL The pulmonary vessels ramify on the sides of the cavity. 



Hie cwiiiii Utig sflbrds an instance in the moUnsca, see Swammerdam, taB. Sj, 
Sg. 7, tab. 9, fig. 1, and the Imeh in the intestinal worms, Bening De Hirudmibm, 
p.$0; w^F.Jhamtm^Biitab^NaiunUedaSattgtim. Fto. 1806. 

•-Ib the Vmm Imta, Fdi, tab. 7, fig. 17. 



CHAPTER XV. 



ON THB ORGAN OF THE VOICE. 



^ 194. Aribtotlb has correctly observed, that those s 
only, which possess lungs, consequently the three first classes 
of the animal kingdom, possess a true voice. Several genera 
and species even of these are either entirely diwbk as the mmi- 
eater, the moHU, the cetacea, the genus tewtmdo, several U»mrd» 
and Merpentt; or they lose their voice in certain parts of the 
earth ; as the dog in some countries of America, and quails* 
and. Jrogtf in several parts of Siberia. 

In a preparation — a dried one indeed — of the larynx and 
lungs of the two-toed ant.«ater, I find the larynx ratirely bony, 
that is, of die same substance with the os hyoides. The tra- 
chea, which b extremely short, is a merely membranous canal, 
without any perceptible trace of cartilaginous rings. J. Hunter 
found no thyroid gland in the whales, which he dissected. 
This coincides with the hypothesis upon which tfau gland is 
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cumfttances in 'common ; their rima glottidis is ptovided wkh 
an epiglottis, which in most instances haa a pecuKar asoacley 
arising from the os hymdess and not foimd in the bumaii sub- 
ject : the margins of this rina are fonned by the double liga- 
menta glottidis (Ugamemk* thj^reo-aryUdnoidea); between which 
on each side the ventricuU laryngis are situated. The epiglol- 
tis does not exist in Boost of the baiYaad; and in some mouse- 
like animals, as the reU-mouse^ {gUs escukmius) it is hardly 
jBsoemible. The superior Kgamenta glottidis, as well as the 
¥entriculi laryngis are wanting in some bUmka, as the osc and 
sheep* 

§ 196; Some spedea of mammalia have a pecuKar and cha- 
racteristic voice ; or at leaat certain tones, which are formed 
by additional organs. Thus there are certain tense mem- 
branes in some animala; and in others peculiar cavities, open- 
ing into the larynx, and sometimes appearing as continuations 
of the ventricuh laryn^ps, which are destined to this purpose. 

The neighing of the harse^ for example, is effected by a der 
licate, and nearfy fidciform membrane, which is attached by 
its middle to th? thyroid cartilage^ and has its extremities nm- 
nii^ along die external margins of the rima glottidis.* 

The peculiar sound uttered by the ass b produced by 
means of a similar membrane ; under which there is pi ecear 
nation in the tbtyroid cartilage. There are moreover two large 
membranous sacs op^ung into the larynx.t 

The mule does not neigh like the mare, by which it was 
conceived ; but brays like the os^ which begot it. It possesses 
exactly the same larynx as the latter, without any of tbe pecu- 
liar vocal organs of the mother : a teict which, like many o&ers. 



Capnper. See also L. WolC i^uk Anatomiea de Organo. Vacis M a mmaliuw t, B«n>l. 
1812. On the peculiar itracture of this organ in cHaeeop tee Camper iSMr h 
Stmetun JntSrieun de pltuieun eitack, Albera's Iccfnts, faac. 2 ; and Rudolphi, in 
'^Akikanihingdm'BnUn.Ahadpkyuk. 1820. 

• Herisiant in the mnu de VAcad. dee Se. 1753, tab. 9. 

t Ibid. tab. 10. 
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cannot be at all reconciled with the supposed pre-extsteiwe 
of previously formed germs in the ovarium of the mother. 

I have adduced this essential, and really spedfic difference 
in the structure of the larynx of the horse and ass : as one of 
the many arguments which overthrow the rule adopted 1^ 
Ray, Bufibn, and others, of ascribing to one and the same spe- 
cies all such animals as produce by copulation an offsprii^ 
Capable of subsequent generation.* 

The cat has two delicate membranes lying under the %*- 
menta glottidis ; which probably cause the purring noise pe- 
culiar to these animals-f 

The pig has two considerable membranous bags above ind 
in front of the ligamenta glottidis.j; 

Several apea^ and baboons,^ as also the reindeer, have 
on the front of the neck large single or double laryngeal sacs, 
of various forms and divisions, communicating with the larynx 
by one or two openings between the os hyoides and thyroid 
cartilage. 

In a common ape (simia tylvamu) I found the right laryn- 
geal sac three inches long, and two inches in drcumference; 
while the left was not larger than a nutm^. The larynx of 
the timia cynomolgtu may be seen in Camper's account of that 
animal .5[ 

Some of the cereopithed, as the eereopitkeetu MmmAi/, 
and Beelzebub, have the middle and anterior part of the os hy- 
oides formed into a spherical bony cavity,** by which the a 
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mab are enabled to produce those terrific and penetrating 
tones, which can be heard at vast distances, and have gained 
them the name of the howling apes. 

The larynx of mammalia is generally of the same conformation as 
in man. None of the large cartilages of the larynx are deficient, and 
the opinion that some animals of this class want the epiglottic is 
quite erroneous. In several, as the bai for instance, it is extremely, 
small. The size of the larynx is proportionate to the strength of the 
sounds which the animals utter. The absolute size of the larynx 
of the whale and the eiephant is the largest, but relatively the la- 
lynx of the Hon has a still greater circumference. The cartilages 
vary in their form ; in the cercopitheci senictUi the os hyoides is di- 
lated to a large bony pouch, and the thyroid cartilage at the same 
time bent forwards, wnich explains the deafening noise which they 
emit. In some animals, as the antelope guitttrosa, there is a dilatatioii of 
the thyroid cartilage, and in some there are fleshy appendices, or air- 
sacs, which have their exit from the ventricles of Morgagni, or below 
the epiglottis, and therefore are sometimes single ana at other times 
double. The apes of the old world have these sacs, and the orang- 
omtang has them doubled ; in others, as the green ape, they are sinr 
gle ; tills is also the case in the reindeer. In reality the depressipns 
of the ventricles in thep^, or above the thyroid cartilage, as in the 
horse and kangaroo^ may be regarded as the incipient state of this* 
structure. 

In most mammalia the number and situation of the vocal ligaments 
are the same as in man. The trachea in long-necked animals, is natural- 
ly'much lengthened, and the number of rings increased ; in men there 
are fi'om seventeen to twenty in number, whereas in the camel there are 
seventy-four; in the #/ag, fifly- three ; in the builock, fifiy-two ; in the 
domesiic mouse^ there are from fourteen to fifleen ; in the hedgehog, 
eighteen ; in the rat^ twenty-one ; in the beaver^ twenty-two ; m the 
cercopithectts seniculus, twenty-four ; in the bear, twenty-eight ; in th^ 
fytna, thirty-six ; in the lion, cat^ dog, and rabbity thirty-eight ; in 
Uke hog, from thirty-eight to forty ; in the lynx and guinea-pig, forty ; 
in the hare, forty-four ; in the wolf, otter, and sheep, fifty ; in the roe^ 
sixty-three ; in the ferret, sixty-seven ; in the seal, seventy-eight. In 
many animab, as in the cercopithecus seniculus, lion, and bear, the space 
between the end of the rings is very great, so that the trachea can be 
very considerably narrowed, which structure contributes to the inten- 
sity of the sounds they are capable of emitting. In the hyana the ex- 
tremities of the rings of the trachea lap over each other, and are also 
capable of being much compressed ; a structure which probably oc- 
casions the peculiar cry of that animal. In a few mammalia the tra- 
dieal rings are dosed : entirely so in the beaver, and in the upper part 
of the trachea in the seal. The muscles and nerves of the larynx pre- 
sent in mammalia little variation from those of the human sul^ect, ex- 

o 
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Sit that in many animala thow of the epiglot^ are fuliy derc l optj, 
eieas in man they arc very indiBtinct. See Rudolphi's Gnmd' 
rUi dtr Fhyiiologle, vol. ii.pan 1,p. 380; to which excellent woifc we 
are indebted for much of the additional matter inserted in this edhioB. 



% 197. The most striking peculiarity in the vocal organs of 
this class, a peculiarity which belongs to all birds widi a my 
few exceptions, consists in their posseseia^ what ii common^ 
called, a double larynx, but which might be more pToperiy d^ 
scribed as a larynx divided into ttro parts, placed at the up- 
per and lower ends of the trachea. They have also two iiBM 
glottidia. 

% 198. The superior or proper rima glottidis is placed tf 
the upper end of the trachea, but is not fimuihed with an epl- 
(^ottis.* The apparent want of this organ is compei wa ted in 
several cases by the conical papills placed at both sides of the 
Hma. 

^ 199. The apparatus, which is chiefly concerned in fbnB> 
ing the voice of birds, is foiuid in the inferior or bronc^id lar 
rynx. Hence the division of the trachea below the upper rima 
glottidis scarcely produces any change in the voice of several 
Intds, aa Uiey can still utter sounds by means <rf the bronchial 
larynx.'t This larynx contains a second rima f^ottidis, formed 
by tense membranes ; which may be compared in several cuea, 
particularly among the aquatic birds, to the reed pipei of aa 
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tetior larynx, Tftiy very considerably^ in the different species, 
and even in the two sexe^, especially among the aquatic birds. 
Thus, for example, the tame or dumb swan (anas olor) has a 
straight trachea, whilst in the male of the wild or whistling 
ewan, (cygnus) this tube makes a large convolution, which is 
contained in the hollow of the sternum (see ^ 56)- In the 
qpoonbill (plaiiUea leucorodia) as also in the phasianus motmoip 
and others, similar windings of the trachea are found, not in- 
closed in the sternum. In many swimming birds the males 
bftve at thdr inferior or bronchial larynx a bony cavity, the 
form of which varies in different species,f and which contri-> 
butes to strengthen their voice.;): 

** A very little comparison of the mechanism of wind musical in-* 
stmments with die organs of the voice in birds will shew how nearly 
they are allied to each other ; and it may be observed, that the sound 
produced by some of the larger birds is exactly similar to the notes 
that procecA firom a clarionet or hautboy in the hands of an untu- 
tored musieiaa. The inferior elottis exacdy corresponds to the reed, 
and produces the tone, or simme sound. The superior larynx gives 
it utterance, as die holes of me instrument ; but the strengdi and 
body of die note depend upon the extent and capacity of the tra- 
chea, and the hardness and elasticity of its parts. The convolution 
and bony cells of the windpipe, therefore, may be compared with the 
turns of a French horn and the divisions of a bassoon ; and they pro- 
duce the propier effects of these parts in the voices of those birds in 
wUdi di^ are fiNmd." Rees's Cyclopedia, art. Birds. 



* On the sobject of the bitmehial I&rynx, the reader may consult Heriasant, 
Vipq^ d'Azyr, aad Covier, in their works already quoted : also another dissertation 
^y t^ lattar aathor ia4he 2nd vol. of the fourth year of the Magasin EncydapidJiquitn 
MiDeid«r, in the Ld/mg Jktcyastru for 1786 and 1787, and in his Talnable Ccmmen^ 
%fty m thM Wifda^fFrtdgrie II. pp. 32, 211. 

4J4rovakidi baa described that of the wiU noon, OmWioUig* torn. iii. p. 13* 

That of the goou has been most excellently described by Haller De partium carp, 
hmmtnifabrica «t JtMctumUmSf torn. tu. p. 321, which may be compared with the 
beavtifnl delineations of Herissant^ ioe, citat, tab. 12. 

t Besides Herissant and Cuvier, loc. citat, the reader may consult Aldrorandi, 
OntUh^L torn. iu. p^ 190. Willou^by, OmUhol, tab. 73. Bloch, in the BisckiifU 
inT BcHinfr Jfattaf. GtuHUek. Berlin, torn. It. p. 579, tab. 16 ; and in his works, 
IQB. bL p. 872, tab. 7. Latham, in the Trmuactumi ef th$ L4»MMn SoeiHy, vol. !▼. 
p.90, tab.9» 16, 

I See Fabridns Hildana3, Bnekrmbung dmr Fwrtr^/lkkktU der AmOamk, p. 323. 

o 2 
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The larynx of birds is divided into an upper and lower, and the 
lower forms the proper organ of voice. At the point whexe tbe 
lowest bony ring of the trachea branches off to form the bnxichia, 
the sliin folds on itself, and constitutes at the opening of ead bron- 
chus an elastic membrane, which projects into it, somewhat analogoni 
to the vocal ligaments in mammalia. In the parrot tribe this diviaioD 
does not exist, and consequently there is not a double rima glottidia, 
as in other birds provided with vocal organs. Cuvier could not Jind 
this membrane in the oullur papa ; and Rudolphi, who had an op- 
portunity of examining this vuiiure, as well as the ndiwr aura, was 
unable to discover it. Singing birds have five pairs of muscles, and 
the parrots three, which are attached to the semi-circular rings of the 
divisifflis of the trachea, and relax or ti^ten the rinue glottidia. 
Birds which titter a single cry, as the aecipitrr$ and many aqMlk 
birdt, have only one such pair of muscles ; other aquatic birdt and the 
gaUu:a have none. Cuvier has admirably proved in living birds that 
this lower larynx is the proper organ of voice ; he divided the tra- 
cheaabovetlie lower larynx, and closed tbe upper part of it. Tbe irri- 
tated animal emiUed by the lower larynx its accuatonied aounda in a 
weaker tone; the same sounds were emitted wbm he removed the 
whole neck. The parts analogous to the cartilages of the larynx in 
man are very small in birds, and in structure bear a greater resem- 
blance to bone. In most birds they lie close behind &e tongue and 
foidcs, and form the commencement of the tracbeL The 



fissure which they form, and which is not protected by an epiglottia, 
\ by one pair of muscles, and closed by another. It merely 
r die passage of the air, being the commencement of the 



ornn of respiratio] 

The trachea presents in many birds very remarkiAile difienmcea. 
In some gallinaceous birds it makes a great curve befbre tbe at er mu n, 
as in the crax and penehpe. In the urogallvt (cock of the wood) this 
curve takes place in tbe neck ; in the crane and aiuu cygnu in the 
"ketA of the slorniim. In many aquatic birds as the anaa clanguJa, 
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said to have two tracheae : for the short common trunk divides 
at the third cervical vertebra into two long branches^ which 
descend far into the chest before they enter the lung. Each 
of them makes a large lateral curvature, over which the two 
aarke abdamhuUes bend their course.* It is very short in the 
firog; but longer in the male than in the female: the rima 
glottidis is also larger in the former. Ligamenta glottidis 
eidst in all the animals of this class.t 

§ S02. The males of some frogs are distinguished by pecu- 
liar air-bags. The tree-frog {rana arborea) has a large sac 
in its throat; and the green frog {rana esculenta) has two 
considerable pouches in the cheeks^ which it inflates at the 
time of copulation by two openings close to the rima glot- 
tidis.:!: 

All amphibia have the opening of the larynx without an epiglottis, 
and die cartilages which form the larynx are very analogous to those 
of the upper laraix of birds. Frogs, and some of the lizards^ possess 
a structure simuar to the vocal ligaments. In the rana pipa Uudol- 
phi found a very curious structure : in the male the larynx was com- 
posed of two laminse of bone» compressed from above downwards, 
of about ten lines in length, seven and a half lines broad at the 
base, and six and a half in the centre. In the female it was smaller, 
and merely cartilaginous. The bronchi proceed from the larynx 
direcdy backwards, being very short in the male, and long in the 
female. In the gtcko fimbriatns Tiedemann (Meckel's Archiv, iv. s. 
649) discovered m the trachea immediately below the larynx a dila- 
tation half an inch long, and three lines broad, which he supposes to 
be of service to the animal when under water; for it has been 
asserted that this gecko lives several months in the year in fresh 
water at Madagascar, though Rudolphi thinks this very improbable, 
since its structure has not the remotest resemblance to that of an 
aquatic animaL This learned naturalist considers it, from analogy 
to birds, of use in strengthening the organs of voice, as in the pipa ; 
and this opinion is confirmed by the circumstance of another ge^ko 
(the toc-kai of Siam) being distinguished for its discordant cryii 

* — r- 

* Blazii, ZooUmia, Amst. 1677, Bvo. tab. 17, fig. 5. 

t Vicq d'Azyr, loe. eitat. tob. 13, fig. 45, 46, represents these fragments in the 
tettndines, fig. 41, 42, 44, in frogs, fig. 47, 52, in serpents. 

The larynx of the rattlesnake is represented in Tyson's Anatomy of a RattUmafu^ 
PhiUfi, Traru. voL xiii. No. 144, fig. 5. 

I See Camper't KUm§ Sehri/Un, vol, i. part i. p. 144, Ub. 3, fig. 1, 4^ 
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A very shrill sound is uttered by fiog$, especully (be Mlrfi^ 
(rana ocetlaia). Whether the Binging-bladden, u they are lemea, 
of the green fro^i of Germany, assist them in uttering this •oond, 
as P. Camper thinks, {KUine Sehrtfiai, vol. i. s. 141, 150) is stfll 
a matter of great doubt ; since these stmctnrea do not < 



nicate with the larynx, but only with the mouth. Aceoidiog M 
Humboldt, {Obi. tur Zoalogie, vol. i. p. 11) young crocodila attar a 
sound similar to that of cats; but be never heard any cry proceed 
from the old ones. Most lizardt, all the tetimdmes, cod taUed tad^ 

falei are dumb. This is also the case with sement^ atnee thoir 
Issing cannot be called a true voice. (Rudolphi GnaJria der Tkg- 
tiologie, vol. ii. p. 387.) 

One exception to the last observation of Rudolphi will augiot 
itself to the reader; but it may be doubted whether, even hcfen 
the Fall, serpents were endowed with tlie gift of speech. Dr. Bur* 
net, in his Arehaologix Pkiloiophictt, rejects the Hoaaic accotmt of 
the dialogue between Eve and the serpent, not indeed as &biiloiiiy 
but as fictitious or parabolical ; and the ailence of the jibjm- 
logist is excused, therefore, by the scepticism of the divine. Be- 
Uiam itlam loqui potte, says Dr. Burnet, oaf fttocastfu toce prater 
tiM/a nonrfam Kimui. At ijuid de ea re jctnue E»am crrdemu*/ 
Si pro niulo animali habuiuei, ipsa logucla terrmaet fmmitiawi, H 
ab omni termonu commerdo ptpviittet. Suod ft bqaaz Jkit, et ter- 
mocinntor ab initio aerpen», perdidit^ue loyuehm ob koe faevwa iputd 
pielatetn fidemque Era mis btanditiii corruptret, hoc gtfUa paiia twuti- 

r3m focniswt Mo»et; negue Itviut damnvm de lambeHdo pwhere ipnii$ 
o tubttituiuel. Prteterea ru tmtVifin tetpcntum gentt, tel otxtiei 
bettioi a';ri eocalet fuisie fn Paradito; ut oHm ar^re» in lumort 
Dodonao f Si omnea, quid commiteit catnv vl ksmr ting^it per- 
derenlT Si unicum tapentum germs hoc gaudetal privilegio ; fmhtM 
tmimal et ab hvmana tpecie alienminnm qm peiuit mertri prie bIOm 
ooiTiibat, KrmoHit gratiam el beneJU-ium T " Wfe knotr not whether 
the scrpchi had naturally tlie faciiliy of talking, or of producing 



ON THE ORGAN OF THE VOICE* 199 

Dr. Burnet, whfle he admits with philosophical candour that the 
whole of the Mosaic account of the creation might be regarded as fa<* 
bulous, if found in a profane writer, and while he exposes the ab- 
surdities involved in a literal interpretation of the Jewish cosmogony 
with an air of pleasantry which might .be mistaken for ridicule in a 
less pious inquirer, acknowledges at the same time the divine inspi- 
ration of Moses, and expresses a laudable indignation at the impiety 
of those who have treated the sacred narrative with disrespect. 
Succauere mm po$tum^ says the divine, ex Fatrihus et auctoribus ari" 
tiquii iUis, qui in symbola out parabolas aut sermones pcpulares hac 
amocrtere ^uduemni, Succenseo autem Celso, qui anilem fabulam, 
ffcvOo» Tivoi «( y^mvat hnyovfAtPot, banc narrationem appellat, Ubi rectc 
momt, per modwn reiponsi Origmes^ on /AtT« r^voXoyidK ravra i i^nroti* 
^ I cannot be dianleiBed with those Fathers of the church, and other 
ancient writers who have treated the Mosaic account of the creation 
as a popular story or parable, but I am undoubtedly displeased with 
Celsos, who has caDed it an old woman's story, which imputation 
Origen has satisfactorily answered by observing diat these things are 
to be understood iropicalfyj* Dr. Burnet's Archctologim Philosophic^^, 
lib. 11. cap. 7. 
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CHAPTER XVI. 

ON THE BRAIN AND NERVOUS SYSTEM IN GENERAL. 

S 203. This class of functions which constitutes the leading 
character of animalsi and has derived its name firom that dr^ 
cumstance, affords to our observation a more clear and mani'^ 
fest gradation, from the most simple to the most compound 
structurci than any others in the animal economy.* 

§ 804. In some of the most simple animals of the class 
vermes, particularly among the zoophyies, little or no distinc- 
tion of similar parts f or structures can be discerned ; and we 
are unable to recognize any thing as a particular nervous 
system, or even as a part of such a system. The power of 
sensation and voluntary motion, which these possess, as weU 

* An ingenious attempt to establish a new classification of animals, according to 
the general organization of the nervous system, has been made by Rudolphi, in his 
BtytrSge tur AntknpehgiB und aUgemtine Naturgnchichte, Berl. 1812, p. 79. 

Much instructive information on this subject, particularly with reference to the 
brain of warm-blooded animals, will be found in Gall and Spurzheim's AnatomU et 
Phynologie du Sytteme Nerveux. Par. 1810, 4to. 

See J. and C. Wenzel 'De ttructura cerebri humani et brulcrum. Tubing. 1812, 
foL ; and several other woris on this subject, which I have enumerated in the fourth 
edition of my Instituiiones Physiologies, 1821, p. 176. 

t By the term partes similareSf the ancients denoted those homogeneous otganio 
structures which form nerves, mnscies, tendons, bones, cartilages, &c. ; the combi- 
nation of which cofnstittttes the partes ditsimihres of the animal body, i. e. the limbe» 
viscera, &c. 
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as any other order or class of the animal kingdom, prore that 
the nervous matter must be uniformly spread throughout their 
homogeneous substance. The almost transparent polypes, 
{kydreB) which are oflen found in this country, (Germany) with 
a body of an inch in length, and arms, or tentacula, of a 
pro|>ortionate size, appear to consist, when surveyed in the 
best light by the strongest magnifying power, of nothing but 
a granular structure, (something similar to boiled sago) con- 
nected into a definite form by a gelatinous substance. 

S ^ifi5. In many other vermea, and in ituects, a ganglionic 
system of nerves can be dbtinguished, arising in general from 
what is called the spinal marrow, the superior extrenuty of 
which part, slightly enlarged, constitutes the brain. The lat- 
ter organ, however, in both classes of cold and red blooded 
animab, and still more in those which have warm blood, has m 
much more complicated structure, and a far greater relative 
magnitude : all animals are however exceeded in both these 
points by the human subject, which, according to the inge- 
nious observation of the learned Sdmmering,* possesses by 
far the largest brain in proportion to the size of the nerves 
which arise from it. 

The small size of the brain in proportion to the rest of the 
nervous system has a very considerable influence on die whole 
animal economy of cold-blooded, when viewed in ctHnpaiiaon 
.with warm-blooded animals. It explains the diminished syn- 
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The yast superiority of man over all other animals in the faculties 
of the mind, which may be truly considered as a generic distinction 
of the human subject, led physiologists at a very early period to seek 
for some corresponding difference in the brains of man and animals. 
They naturally investigated the subject in the first instance, by 
coropirinff the proportion which the mass of the brain bears to the 
whole body ; and the result of this comparison in the more common 
and domestic animals was so satisfactory that they prosecuted the 
inquiry no further, but laid down the general proposition, which has 
been universally received since the time of Aristotle, that man has 
the largest brain in proportion to his body. Some more modem 
physiologists, however, in following up this comparative view in a 
greater number of animals, discovered several exceptions to the 
general position. They found that the proportion of the brain to the 
body in some birds exceeds that of man, and that several mammalia 
(some quadrumanOf and some animals of the mouse kind) equal the 
human subject in lliis respect. 

As these latter observations entirely overturned the conclusion 
which had been before generally admitted, Sommering has furnished 
us with another point of comparison, that has hitherto held good in 
every instance : viz. that of the ratio which the mass of the brain 
bears to the nerves arising from it. 

Let us divide the brain into two parts ; that which is immediately 
connected with the sensorial extremities of the nerves, which receives 
their impressions, and is therefore devoted to the purposes of animal 
existence. The second division will include the rest of the brain, 
which may be considered as connecting the functions of the nerves 
with the faculties of the mind. In proportion then as any animal 
possesses a larger share of the latter and more noble part ; that is, in 
proportion as the organ of reflexion exceeds that of the external 
senses, may we expect to find the powers of the mind more vigorous 
and more clearly aeveloped. In this point of view man is decidedly 
pre-eminent: here he excels all other animals that have hitherto 
been investigated. 

The brain of man is much larger than that of the simiae, when 
compared with the size of the nerves which proceed from it ; this 
may be readily seen by looking at the comparative breadth of the 
cerebral nerves and brain in man and different animals. The size of 
the brain, as compared with that of the medulla spinalis in man, is 
larger than in simict^ as may be perceived on comparing the trans- 
verse diameter of the spinal marrow below the corpora pyramidalia 
with the whole breadth of the cerebrum. The size of the brain in 
nmiiz and the seal is larger in proportion than in other animals. 
The classes of animals whose cerebrum is next in size, are the 
lemureSf cetacean rtmiinantia, multungula^solidtrngula, ferity ^^ hradypoda. 
The cerebrum is smallest in tlie glires, marsupialia, edemata^ and 
chiroptera. The cerebellum of sitnUt presents but few differences 
from diat in man. In one species, MtmtW, it is greater than in 
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man ; and in a number of instances the ratio is the same or nearly 
the same ; for example, in the ox it ia the same ; in the cai, variona 
monk^i, and in the horse, it is nearly the same. (Vid. Warroi 
tm the Satiorial and Nervous Syiiemt, tfc. p. 81.) 

The researches of Svnitnering on animak to general hare led him 
to conclude that the quantity of brain, over and above that which is 
Oecewary for a mere animal existence ; that part, in short, whidi U 
devoted to the faculties of the mind, bean a direct ratio to the doci- 
lity of the animal, to the rank nhich it would hold in a comparative 
scale of mental powers. 

The largest brain which Sommering has found in ahorse, weighed 
1 lb. 4 02. ; and the smallest which he has seen in an adult man, was 
21b. &ji 01. Yet the nerves arising from the former brain were at 
least ten times larger than those of the latter. 

The following table exhibits the proportions of tbe mass of the 
brain to that of the whole body in man and the di&ient clasoM of 
animals. It will be observed that, citlerU paribui, small animals have 
a larger brain, in proportion to their size, than larger onet : that tbe 
fanin of man is exceeded, in proportional siae, by some few animals, 
^ Mice, the tmalltr birdi, &c. ; that among the mf^npi^Hm, the rodcM- 
tia have generally the largest, and the pachifdermala the amallest 
brein ; and that the brain is extremely small in ccdd-bkwded, m cmt- 
pand with wano'blooded animals. 



' It forma in man boat. ,'»» ^ to ^ "f" *•»« •x'^Ji 
different periods of bia life. 



IntbeGibbon ^ofthebody. 
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Magois and Macakos. 

Macako (simin silenusj . ^ of the body. 

Magot ^ 

Papio 



'X04i 



Makh, 



Mococo ^V 

Van ^ 



Cheiroptera, 



B«t ^ 



Plantigrada. 



Mole ^ 



Bear 

Hedgehog ..... ' 



ITT 

I 
TBT 



Camivora, 

^^S Tr» ny> ttt> ttt' tst» tot 

Fox T*r 

Wolf .- ^J^ 

^*^ "8^> A> Try 

Ounce 777 

Pine-martin -f^ 

Ferret • • • • ttt 

Rodentia. 

Beaver r^ 

Hare ^^ 

Rabbit ritf. Tir 

Ondatra tIt 

Rat » 

Mouse -' 

Field-rat -' 



T5 

I 

X 

TT 



Packjfdermaia. 
Elephant • • • • • 
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'Wild-boar ^ft of tbe body. 

Chinese hog .... ;^ 

Ruminanlia, 

Stag ^ 

Roebuck A 

Sheep ttt'tJi 

Ox tJtt 

Calf Wt 

Solipeda. 
Horse ^^ 
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Carp ^ 

Dog-fish tiVt 

Tunny ...... Trfnr 

Silunis glanis .... rrsr 

The following table shews the proportion of the cerebrum to the 
cerebellum in man and other mammalia. The rodentia have the 
largest cerebellum in proportion to the cerebrum ; and man has the 
least cerebellum in proportion to the cerebrum of all the mammalia. 

In man, the cerebellum is to the cerebrum . 1:9 

Sumiri 1 : 14 

SaJu 1 ; 6 

Magot 1:7 

Papio ..1:7 

Monk Ape 1:8 

Dog 1:8 

Cat ,1:6 

Mole 1 : 4.5 

Beaver 1:3 

Rat 1 : 3.25 

Mouse 1:2 

Hare 1:6 

Wild Boar 1:7 

Ox 1:9 

Sheep • • .1:5 

Horse ..1:7 

The proportion of the cerebrum to the medulla oblongata is ascer* 
tained by measuring their diameters. Sommering and Ebel have 
shewn that it is greater in man than in other animals, and that it fur- 
nishes a good cnterion of the degree of intelligence in the individual, 
as it shews the relation which the organ of intelligence bears to the 
organs of the external senses. There are, however, some exception^ 
to this rule, as in the remarkable instance of the dolphin. The fol- 
lowing table exhibits the proportions between the breadth of the me^ 
dulla oblongata at its base, and the greatest breadth of the cerebrum 
in some of the mammalia, and in a few birds. 

In man, the breadth of the cerebrum is to that of the 

medulla oblongata^ as 1:7 

In the Ape 1:4 

Macako 1:5 

Dog 6 : 11 or 3 : 8 

Cat 4 : 11 

Rabbit 3 : 8 or 1 : 3 

Pig 3:8 

Ram 1:3 

Stag i^2:5 
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Roebuck 1 : 

Ox 6 : 

C«lf a : 

Hofse 8 : 

Dolphin 1 : 



Falcon 13 : 34 

Owl 14 : 35 

Duck 10 : OT 

Turkey 12 : 88 

Sparrow 7 : 18 

The following is the passage to which the autlm rdera io his 
*' Maiual qf Nahtral H'utoiy" " The extraordinary strength of the 
introductive power in several amphibia, and the aatcNitahing fiwilily 
with which the process is carried on, depend, if I mistake not, an tM 
srnt magnitude of their nerves, and the dtminutire proportioa of 
Uieir brain. The former parts are in consequence leas oependent on 
the latter; hence the whole machine has lesa powers of motion, and 
displays less sympathy : the mode of cxistAK^ b'more nm^, and 
approaches more nearly to that of the regetable worid diaa in the 
wann-blooded classes; but, on the contrary, the parts poaseii a 
greater individual independent vitality. Since, in conaequmee f>f 
this latter endowment, stimuli, which operate on one par^ or one 
system, do not immediately affect the whole frame b^ sympathy, at 
in warm-blooded animals, we are enaUed to explam the pecoUar 
tenacity of life, which is displayed under varioua drcuastaiieea in 
this cl^; vis. tioga still continue to jump about after dieir bean 
has been torn out; and turtles have lived for montha wStm ibt 
removal of die nhole brain from the cranium. The long continued 
parts which have been cut off from the body. 
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which abounds in instances of anomalous structure. Some- 
thing similar is found in the cetacean at least in the porpoise. 
A similar structure, constituting an unique specimen of anato- 
mical variety, is exhibited in the skull of a female, belonging 
to my collection. The vitreous table of the frontal bone has a 
long falciform bony crista, at the attachment of the falx. The 
falx itself descends to various depths between the hemispheres 
in the different species.* 

A bony tentorium cerebelli is found in a great number of 
mammalia ; but its size and extent vary in the different spe- 
cies. It is formed by peculiar osseous plates, extending from 
the ;ntreons table of the parietal bones, and the petrous por- 
tions of the ossa temporum. Its formation exhibits two kinds 
of variety. 

In some animals, for instance, it constitutes an uniform bony 
|Murtition, which leaves a quadrangular opening into the lower 
part of the cranium. This is the case in most species of the 
^ai and bear kind; in the martin^ {muaiela martes) in the 
coaiia, (eereopiihecus paniscus)^ and others. 

It consists of three separate portions in other animals ; one 
of these fueces projects from the upper and back part of the 
erauimn , Kke a tile; the two lateral portions arise from the 
petrous part of the temporal bone. This structure is exem- 
plified in the eeal, dog^ horsey the orycteropus capensU^ and 
didelpkis wombai. 

In the cranium of a young seal which I possess, the ante- 
nor or upper surface of the tile-shaped piece is connected by 
means of a strong perpendicular bony plate, extending to the 
Anddle of the lambdoid suture, with the inner surface of the 
occipital bone, where the falx terminates. 

In some cases, as in the pig, the rabbit, some mice, &c., a 
mdiment of the last mentioned lateral portions may be ob« 
served ; or at least the ridge of the petrous portion of the 
tiemporal bone is much larger than usual. I have, in another 



* 8m OB this tdbgect Sbmmmiig, Vem Him und Buekenmark, Mentx, 1788. 
t jQMplit*s AmtUmii der Stmgtthien Bitftr. sum ItUnh, 9, 34,ltab. 4. 

P 2 
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place, described the chief Tariedes of Ae haaj tentoritm^ 
and have mentioned the uses possibly asngned to llus stnie> 

tore.* 

" It is difficult [sayB the author, in hia Manual t^ Ottedof^ to 
give a physiolofpcal explanation of the nie of thk bonjr teotoriam. 
The opinion which has been generally adopted by anatomisti^ Aal 
the itructnre in cjuestion belongs to such animals only as jump ta, 
or run with great velocity, and (hat it serves the purpose of protect- 
ing the cerebellum from the pressure of the cerebrum in these qnidc 
motions, is obviously unsatisfactory. It exists in the bear, ubicfa is 
not distinguished for its activity, while several aniouls, which need 
in jumping or springing, do not possess it ; via. the wild goat, 
{eapra ibex) in which I could not discover the least trace of sncli a 
structure. Cheselden ascribes it to predacnua aiu'ntali anlj. (Amai, 
of the Bonet, cap. 8] but I have already enumerated sevaal otbcfs. 
It may perhaps obviate the concussion which would arise from 
strong exertions in biting ; for such exertions are made in all the 
animals which possess this structure, even by the borae in his wild 
sUte." pL 118. 

I have quoted these remarks on the generally asngned use of die 
bony tentorium, because a similar mechanical eaplanauon haa been 

g'ven of the &lx and tentorium of the human subject ; via. that the 
rmer protects the hemispheres from mutual pressore when the per- 
son lies with his head resting on one side ; and that the latter pro- 
vides against the compression of the cerebellum by the superincnm- 
hent cerebrum. These explanations are aaai^ed in the present day 
hv aoatomists of such distinguished reputation as SOnnneriM anb 
Cnvier {De Cwporu Hvmani Fabrica, voL iv. p. 27. ^^tV"" a AMI. 
eompar. torn. ii. p. 176). If the futility of this piece of phydokigy 
vrere not sniBciently proved by considering that the cranium u aeeo- 
rately filled, and (hat there is consequently no room for its content* 
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: § 207« The pecidiarities which distmguish the brain of the 
human subject from that of the mammalia,* consist chiefly in 
the circumstance, which has been already noticed, of its pos- 
9e88ing a much greater bulk in proportion to the nerves which 
arise from it ; and in its being much larger when compared 
with the cerebellum and medulla spinalis.f 

The anatomy of the brain of cetaceous animals has not been so 
Yninatelv described as that of other classes of animals. In genera), the 
bnun of the cetaceous tribe is small compared with the size of the 
body. The brain of a common whale, nineteen feet in length, which 
was examined by Scoresby, weighed about three pounds and three 

fuarters, although the weight of the animal was near 11,900 pounds* 
lere the we^ht of the brain was about -j^^ part of that of the 
body, whilst mat of the brain of an adult man is about four pounds, 
and Uuit of the body 140, the brain being the J^. part of the weight of 
the whole body, jrrofessor Tiedemann, of Heidelberg, has recently 
piddished an account of the dissection of the brain of the dolphin* 
(Treviranus's and Tiedemann's Zeitxhrift fur Physiologic^ vol. li. p. 
265.) The flawing are the results of this learned anatomist s inyesti- 
gatbns. 

1. The cerebrum of the dolphin resembles that of the siroise, by its 
sise, and next to the cerebrum of the orang-outang, most resembles 
that of man« Still in proportion to the sizp of the nerves, spinal 
marrow, and cerebellum, it is of much smaUer size than the human 
oerdirum* 

2. Each hemisphere of the cerebrnm, as in man and sitnia, consists 
of three lobes, an anterior, middle, and posterior. The hemispheres 

* The ictder may oontnlt the following delineations of the brain of nunumaUa, 
bcsidei those which wiU be referred to in subsequent notes. Of the chimpaiii6 
(MSMlnyMyfM) bj Tyson, in his excellent Anatomy of a Pigmy, fig. 13, 14« Of 
after ft^MfrnMcmi, and of numerous quadrupeds of the different species of mammalia, 
iMcmann^ lemm egnini 5tmtarum tt iputrundam Animalium rarkrum, Heidelb. 1821 • 
Of the itg, by Collins, Syttem of Anatomy, vol. ii. tab. 53, fig. 1 ; and £bel, loe, 
«<k tab. 1, fig. 7. Of the eat, by Collins, ub. 53, fig. 2 ; and Ebel, tab. 1, fip;. 3» 
Of tte Aorsf, by Vicq d'Azyr, M£m. tU VAcad. da Scienta, 1783, tab. 7 ; Ebel, 
tab, 1, fig. 1. Of the theep, by Vicq d'Asyr, tab. 8, fig. 1 ; and Ebel, tab. 1, fig. 
•• Of die or, Vicq d'Azyr, tab. 8, fig. 2 ; Ebel, tab. 1, fig. 6 and 9. Of the pig, 
ColfiiM, tab. 54; Ebel, tab. 1, fig. 10. Of the elephant. Camper, tab. 14. Of 
the ami, Vrolek, Dephocis, speeiatim de phoea vituUna. Ultraj. 1822, tab. 1. 

f The delineation which I hare given of the brain of the mandrill, (papio laasnum) 
in the two first editions of my work, De Generu Hvmani Varietate Nativa, Ub. 1, 
fig. 1, shews how strikmg this difference is, even in the quadnunowi, which from 
their great general tesemblance to Ihe human subject have been called AnOtnpo' 
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are andoubtnlly much smaller than those in man, aince tbej do not 
eoniietdy cover the cerebrum. 

3. The breadth of the cerebrum of the dolphin exceeds its length, 
vhicli is scarcely the case wiib any other ra&mmalia. 

4. The convolutions of the cerebrum of the dolpkin are more mt- 
nwrous than in any other animal, even than in man. 

fi. The bteral ventricles consist in the dolphin, as in man and aimim, 
of three horns, whilst in other mammalia the anterior and middle 
cormia only exist. 

6. The corpora albieamia, in the cerebrum of the dolphin, as of 
moat mammalia, are united into one mass. In roan and the oraag* 
omtmgibey are perfectly distinct. 

7. The fornix, septum lucidum, cornua amm 
atriata, are in proportion to the sise of the cerebrum o 
and smaller than the same parts in man. 

8. The corpora quadrigetnina in the dolphin, aa in other n 
are nnch larger than these bodies in man. 

9. The cerebellum of the dolphin is distingnUied by ita beinff 
larger than in man ; and its middle portion, aa in »tal» and aeraiu 
other animals, is not symmetrical. 

10. The medulla oblongata of the dolphin powciaca no traperiam. 

11. The brain of the do/pAin is particularly distinguished fr( 
of man and all otber mammalia, by the absence of the olfikctmry 
But on the whole the brain of the t/o^Aiaia developed in a gre 
gree than in any other animal, if we except that t^tbe onaig-OKiMg. 

S SOS. Moreover, that remarkable and enigmatical eoDeo* 
tion of sandy matter, which is found in the pineal gland* of 
the human brain, almost invariably afWr the first few yeora of 
existence, has been hitherto observed in very few other mam* 
, and those among the bimlca.i 
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siderable magnitude, particularly in tbe herbivorous animals.* 
They contain a continuation of the lateral ventricle ; which 
circumstance has formerly given rise to great physiological 
enrors.t 

§ 310« The structure of the corpora quadrigemina and 
eandicaniia distinguishes the brain of herbivorous from that 
of carnivorous quadrupeds. The nates very considerably ex- 
ceed the ifiites in size, in the former class, while these propor- 
tions>are reversed in the latter instance. The herbivora have 
ii fSa^e large emineniia candicans ; there are two small ones 
in the camivonu j: 

With the exception of man and the simias, the mammalia cannot be 
said to have posterior lobes of the brain. The cerebellum is seen 
behind the cerebrum. The consequence of this is, that the digital 
cavity, or prolongation of the lateral ventricle into the posterior kbe, 
is wanting. 

The convolutions of the cerebrum do not exist in the rodentin. 
The nmim only have an olfactory nerve, arising, like that of man, in 
a diBlinet choid from the brain. Other mammalia have a large cor« 
tical eminence {pnccsnu mamUlaris) filling the ethmoidal fossa. As 
the uucea have no organ of smelling, their brain has neither olfactory 
nerve^ nor mamillary process. 

The annexed tables representing the dimensions of the cerebrum, 
cevebellum, corpora quadrij^emina, medulla oblongata, and medulla 
spinalis, calculated to five decimal parts of the French metre, in the 
ionr classes of vertebrated animals, are taken from the celebrated 
work of M. Serres mr rAnatomie comparU du Cerveau elans Us qiuUre 
Classes des Animaux vertibres. 



* ndt part is itpreaentcd in the bisulca, and in the hart-kind, in Collins's Syttim 
if AmMUmty, toL ii. tab. 51. £bel, be, cit, Willis, Anatome Cerebri, fig. 2. 
Mmao Om the Nervout System, tab. 9 and 24. 

t These were first refuted by that excellent anatomist, C. V. Schneider, of Witten- 
bog. See his daancal work De One cribr^cmd, 1635, l2nio. 

t SomnMniog, Vcm Him, &c p. 91. 



216 OS THE BRAIN AMD MBHVOua 8TSTEH. 

DIMENSIONS 

OI 

THE LOBES OF THE CEREBRUM IN MAHHALU. 



Simiu rubra (red ape of Senegal) . 

S. *y/pQrtui(Barbary ape). , . . 

S. cynr.ccplialut {dog-faccil baboon) 

!phyni (long-t^Ied baboon) . . 

naiiHon (mandrill) 

S. apella (aajou) 

Lemiff- macaco (maki vari) . . . 



OCllic Loboof tbe Cerebnun. 



diuncler 



Metre. 

0,07500 



0,0W)00 




OK THX BRAIN AND NERVOUS SYSTEM. 
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Dmensions of the Lobes of the Cerebrum in Mammalia* 

£Contiiiued.] 



VAICXB OF ANIMALS. 



MEASUBEt 

Of the Lobes of the Cerebninii 



Antero-post 
diameter. 



Jlfqcrcpus miQor (kangaroo) # • 
PAojco/mnyt (wombat) • « • • 
Coiior Jber (bettyier) • • • • . 
M. aipimti (marmot of the Alps) . 
Sdtcrttf 9tf(^or2« (squirrel) • • • 

Cavia aeuii (agouti) 

Da^lpuB texchictus (armadillo) . . 

Sat tajaitu (pecan) 

Jfyrax capami (marmot of the*) 

^Cape) 1 

uniidiuf c^osiedartitf (dromedary) . 

C» Uaema (lama) 

C. capnoJui (roebuck) • . . • 

Common sheep . • 

Dd^Atmit ie^hii (dolphin) . • . 

D. fAocona ^rpoise) . • . . . 



Metre, 

0,05300 
0,04400 
0,04*200 
0,02975 
0,02025 
0,03500 
0,02650 
0,06600 

0,03300 

0,10500 
0,08000 
0,06200 
0,05800 
0,09500 
0,08600 



Transvene 
diameter. 



Metre. 

0,02350 
0,02100 
0.02400 
0,01466 
0,0 U50 
0,01550 
0,01300 
0,02450 

0,01250 

0,05050 
0,03450 
0.02600 
0,02650 
0,05850 
0,06650 



Vertical 
diameter. 



Metre. 

0,03800 
0,02760 
0,02700 
0,01950 
0,01400 
0,02200 
0,01700 
0,03700 

0,02100 

0,05800 
0,04500 
0,04300 
0,04300 
0,08200 
0,06000 



OH THS BKAIK AND NERVOUS SVSTRM. 



DIMENSIONS 

OP 

THE CEREBELLUM IN MAMBIAUA. 



NAMES OF AMIUALS. 

SimJB rubra (red ape of Senegal) . . 

S. aabaa (callitrichej 

S. syhanus (Barbary ope) 

S. cynocephalui [dog-fnced baboon) 

S. iphyu (long-tailed baboon) , . . 

S, iRoiiiMMi (mandrill] 

S. apella (sajou) 

Lemur macaco (maki) 

Rhinolophvi tmt/ia j/af uj (hor»e-shoe bat) 
VemtTtilio murinm (rear mouse) . . . 
Tolpa Europaa (mole) . 



Of the 



Metre. 
0,13000 



0.0 1500 
0,03100 

o.oasoo 

0,03800 
0,04200 
0.05166 
0,03600 
0,03050 
0,00900 
0,00800 



0,01400 



Alelre. 
0,08000 



0,02433 
O.OISOO 
0,02400 
0,02000 
0,02650 
0,02000 
0,02400 
0,02200 
0,00500 
0,00100 
0,0002a 
0.034U0 




OK THE BRAIN AND NEETODS STSTEM. 



Oimeniiotu of (he Cerebellum in MammaUa. 
[ConliDued.] 



Phoea xntulina (coaiinon seal) . . . 
DiddphU Firginiana (opo«suni) . . 
Ulatropui mi'jor (kaogarao] . , , 

PhuscolomyM (wombat) 

Oulor fiber (heavpr) 

Mm it/phlus (blind ra() .... 
M. alfiiivs (marmot of ibe AJpa) 
Hystrtx crisiala (crested porcupine] 
Leput cuniculiu (rabbit) ..... 

Cavia acati (agouti) 

Daiypiit sexcinctut (armadillo) . . 

Sua lojastu (pccari) 

Hyraz capeniU [marmot of the Cape) 
Camclui dromedarius (dromedary) . 
C. Uocmu (lama) 

C. capreolut (roebuck) . ■ . ■ 

Capra hircvt {goal) 

Common sheep 

Delphinus detphis (dolphin) . . . 

D. phocana (porpoise) 



0.07250 
0,02000 
0,03800 
0.02200 
0,63500 
0,01300 
0,02460 
0,03000 
0,01600 
0,02300 
0,02.'iOO 
0,03500 
0,01400 
0,07100 
0,04000 
0,03000 
O,044(>O 
0,03000 
0,08500 
0,07800 



0,01200 

0,02600 

0,01800 

0,0-»000 

0.OO7OO 

0,01-200 

0,01800 

0,00900 

0,01700 

0,01300 

0,02200 

0,01400 

0,04600 

0,03400 

O.OSt 

0,OE900 

0,02700 

0,04500 

0,03300 



OH THE BRAIM AHD SKBTOUS STSTUI. 



DIMENSIONS 

OP 

THE CORPORA QUADRI6EMIN A IN MAMMALIA. 



XAXS3 or ASCiXLS. 



Sumia mira (red ape of S«n^a]) , . 

S. aaica (cBBuiiche) 

S. Faaaa (maBnook) 

& mfhmtu* (B«rbMi7 ape) .... 

S. mkmMM (waodeniir) 

S eynae^ithf (dop-laced baboon) . 
5. yt j w j (laog-tailed bobooa) . . 



ica(B»Li) 
Kkiaclupiia aniAMMolai (hone-slioe bat) 



Of die Corp. g^ 



(U)iooo|o.oiioo 



0.00625 
0.00600 
0.00700 
0.00650 
O,00J75 
0,00600 
0,00635 
0.00650 

aocMio 

0,00530 

0.00300 
0.00250 



0,00900 
I 0,00150 
O.0OS3S 
) 0^00900 
IO.O0SOO 
10.00733 
OuOiOOO 
I 0.01000 
L 0.00610 
0,00935 
0,00800 
0.00350 




OK THE BBAIH AHD HEEVOUS SYSTBH. 9gt 

.Dimemumt of tie Corpora Quadrigemina in Mammalia. 

[ContiniMd.] 



MAKES OF AKII1AL8. 



Of the Corp. QucL 



P. onqa (jaguar) •.....,, 

F. parduj (panther) 

P. paradala (ocelot) . 

F. disfoior (couguar, or American lion) 

P.jttbitta (Indian liger) 

P. Ipnx (lynx) 

F. mint (cat) 

Phora citulina (cammoD seal) . . . 
Didclphis yirginiana (oposaum) . . , 
Afacroput major (kangaroo) .... 

PliaKolooiyi (wombat) 

Cailor filler (beaver) 

Mu» lyplilui (blind rat) 

M, alpinui (inarmot of the Alps) . . 
Hi/airir tritlata (crested porcupine) 

Ltpia cuniculia (rabbit) 

Cavia aeuii (agouti) 

C. paea (paca) 

C. 0]%a (Guinea-pig) 

Daiypus terdncitu (armadillo) . . . 
Sbi tajauu (pecari) ....... 

5. tcrop/ia (wild boar) 

Hgrax capeniU (marmot of the Cape) . 

Bifuia caballui (liorae) 

Cameiut dromednr'tus (dromedary) . . 

C. llacma (lama) 

AntUope kearlia (kevel) 

A. girutia (gazelle) 

A. rupicapra (chamois) 

Cema elaphut (stag) 

C duma (fallow deer) 



0,00950 
0,00950 
0.00775 
0.0 J 000 
0,O0S5O 
0.00900 
0.00900 
0,00950 
0,00600 
0,00«K) 
0.00700 
0,00700 
O.OOJOO 
0,00550 
0,00600 
0.00425 
0,00550 
0,00775 
0,00400 
0,00550 
0,0OS5O 
0.01000 
0,00450 
0,01950 
0,01250 
0,01125 
0.00y50 
0.00933 
0,00925 
0,01400 
0,01300 



Metre. 
0,01200 
0,01200 
0,01250 
0,01200 
0,01)50 
0,01200 
0,01200 
0,01500 
0,00750 
0,01400 

0,01000 
0,00600 
0,00900 
0,OOS75 
0,00? 00 
0,00700 

0,00750 
0,00650 
0,01500 
0,01500 
0,00700 
0,02275 
0.02135 
0,01600 
0,01700 
0,01475 
0,00750 
0,02100 
0,01700 



ON THE BRAIK AND SBRT0U8 STSTEM. 



Dmetutont of the Corfora QwnMgminia m Mamma&a. 

[CoBtiBaed.] 



NAMES OF AinUALS. 



C capreolia (roebuck) . . 
Copra Aircuf (goat) , . , 
Boi lawnu (o^ . . . . 
CommoD abeep . . . . 
Ddplama de^Xu (dolphin) 



0^1 (UO 
0,00600 
400900 
0,00800 
0^700 



Metia. 
0,01500 
aOI300 
(M>I500 
0,01400 
0,(»475 







ON THE BRAIN AMD NERVOOS STSTBM. 



DIMENSIONS 

OF 

THE MEDULLA OBLONGATA IN MAMMALIA. 



Sima rubra (red ape of Senegal) . . . 

S. lyhanas (Barbary ape) 

& i-ynocep/iafuj((]og-faceil baboon) . . 

5. rhemu (rbesus) 

5. ipki/nx (lorg-tailed baboon) ■ - • • 

S. maimon (mandrill) 

S. Icucophea (drill) 

Lemur macaco (maki) 

Rkinolopkua unUiaslaliit (horse-dioe bat) 
VupertUio muritius (rear mouse) - . ... 
Erinacetu Europaui (hedgehog) . . . 

Talpa Earopa:a (mole) 

Until arcloi (faronn bear) 

[/. ^mn-iraaiu (American black bear) '. 

U. lotor (racoon) 

V. vkUi (badger) 

Fhxira aarica (brown civet) .... 

y.nama (red civet) 

MuMtlafoina (martin) 

M. lutra (otter) 

Canis/amiliani (domestic dog) ... 
C. lupia (young wolf) 

c.w/..*(rox) 

C. Jtyana (hytena) 

Vitxrra eqfra (civet of the Cape) . . . 

FdU Uo (lion) 

F. ligrU (tiger) 

F. OKfS (jaguar) 

F.panfw (panther) 



Metre. 
0,02000 



0,01376 
0,01800 
0,011M 
0,01400 
0,0160O 
0,01400 
0,01600 
0,01460 
0,01260 
0,00460 
0,00350 
0,00700 
0,00700 
0,02100 
0.02100 
0,01300 
0,01700 
0,01400 
0,01500 
0,01300 
0,01300 
0,02000 
0,01060 
0,01300 
0,01000 
0,01000 
0,02400 
0,02400 
0,02260 
0,01460 



I TU£ BRAIN AND NBBTOUS SYSTEM. 



Dimeniiotu of the MedaSa OUongtOa « 
[CoatioMd.} 



F. daeol'ir (couguar, or American lion) 
F. /ynr {lynx) 

Pliocavitalma (common seal) . . . . 
Didclpkii yitpinirijin (oposaumj . . . 
Miciopui rnojor (kangaroo) .... 

Phaicolomys (wombat) 

OutoTfib^^r (l)eaver) 

Mux nitria (liTOl) 

M. (y/jft/,M (blind rat) 

M. ulpmun (marmot of the Alps) . . 

Sciurui volgaria [ai\u\rtel) 

Caviu ticuli (agouli) 

Dtui/piis aricinritis (armadillo) .... 

Smiiijussu (pecari) 

Hyrnx <apeiiiis (marmot of the Cape) , 
Equui caitallus (horse) 



■« (ass) . 

E. tehrti (zebra) 

Camelut ilromcdartvi (dromedary) 



Metre 
0,»2150 
0,01000 

0,02300 
0,01100 
0,02300 
0,0l7OO 
0,01600 
0,00460 
0,00000 
1),0 1-2U0 
0,00000 
0,01200 
0,01600 
0,02100 
0,00050 



0,02300 
0,02400 
0,03000 




OM THB BRAIN AND MEHV0U8 SYSTEM. 



DIMENSIONS 

OF 

THE MEDULLA SPINALIS IN MAMMALIA. 




KAHXa OF AKIMAU. 



Simia mhra (red ape of Senegal) . . 
S. iifhama (Barbary ape) . , . . 
S. ej/aocephnlua (dog-faced baboon) i 



S. rAeiuj (rhesus) 

S. sphinx (baboon) 

S. maiinon (mandrill) 

S. kucophea (drill) 

S. apella (sajou) 

Lemur macaco (^maki) 

Rliinoloplius uailiascatui [horse-shoe bat) 
VesptTtilio murinus (rear raouse) , . . 
Erinaceiu Europaus (iiedgehog) - • ■ 

Tidpa EuTopxa (mole) 

Urnti arclot (brown bear) 

V, j^MrrironM (American black bear) ■ 

l/.fo,or(racoi>n) 

V. meles (bad-er) 

Fiverra narica (brown civet) .... 

F, naiuii (red civel) 

MtMelafoinu (martin) 

Af. lulra (otter) 

CanuJaiiii'uirU (domestic dog) . • . 

C (upas (young wolf) 

C vu'po (fox) 

C. ifaua (hyaena) 

Fivrrra cu/ra (civet of the Cape) . . ■ 

Ftli* tea (lion) 

F. HgrU (tiger) 

F. oiifa [jaguar) 



0,00900 

0,00600 
0,00900 
0.00700 
0,00775 
0,01000 
0,00950 

o,ooeoo 

0,00550 
0,00800 
0,00200 
0,00200 
0,00400 
0,00350 
0,01700 
0,01300 
0,00600 
0,00800 
0,00600 
0,01050 
0,00700 
0,00750 
OflMOO 
0,00600 
0,00900 
0,01300 
0,00650 
0,01700 
0,01600 
O^UOO 



ON THE BRAIN AND NS&VOUfi BY8TEU. 



Dimenuons of the Medulla SptnaSt m Mmitmalia, 

[CoatiDiMd.] 



r Americ; 



lion) 



F. pardus (panther) 
F. dUiolor (coijguar 
F. /j,«x (lynx) ........ 

Phoca viiulina (common seal) . . . 
MacTopua major (kangaroo) . . . 

Phascohmys (wombat) 

CasloT Jibcr {heavcT) 

Mva mUla (lerol) 

M. tsphlut (blind rat) 

M. alpinvi (marmot of the Alps) 
Scivrvi nlgiirit (squirrel) .... 

Capia acutt (agouti) 

Dan/ptis lexcincius (armadillo) . . 

Sua tajasia (pecan) 

Hyrax Capeitsu (marmot of the Cape) 

Equus caballu! (horse) 

£. asima (ass) 

E, tebra (zebra) 

Canielui dromedarius (dromedary) , 

C. llaana (lama) 

Cervas rliiphus (stag) , 



Metre. 



0,01300 
0,01300 
0,01100 
0,01150 
0,01800 
0,00900 
0,00S0O 
0,00325 
0,00300 
0,00450 
0,00300 
0,00700 
0,00900 
0,01050 
0,00550 
0,08000 
0,01500 
0,01400 
0,01900 
0,01200 
0,00900 




ON THE BRAIN AND NERVOUS SYSTEM. 227 

BIRDS. 

§S11. The dura mater forins, in some birds, a falciform 
process ; which has been erroneously asserted to be deficient 
in the whole class.* In the cock of the woods, {tetrao urogcd- 
hit) t it has a bony structure resembling that of the ormtho- 
rht/nckus, 

% 212. The brain itself, considered altogether, resembles that 
of the former class (even in forming in some instances a kind 
o{ processus mamiUares) ; while, on the contrary, it is striking- 
ly dbtinguished from that of the following order. It differs, 
however, from that of the mammalia, not only in the smooth- 
ness of its surface, and the want of convolutions, but also in 
the structure of the optic thalami. These eminences, which 
are nearly spherical, and hollow internally, are not contained 
in the proper brain or cerebrum, but lie behind and below 
that part. This structure is common to birds with the two 
classes of cold and red blooded animals. Those eminences 
also, which in the mammalia are justly termed corpora striata, 
are of an uniform colour in birds. 

Cavier represents the brain of birds to consist of six tubercles, visi- 
ble exteriorly ; viz. the two hemispheres, the optic thalami, a cere- 
bellum, and medulla oblongata. 



* Thk miftake has even been committed \y Haller, Dt Partium Corp, Hwn. 
Ttbfiea «t FuncUanihui, torn. viii. p. 163. 

t Hie brain of this bird is remarkably small in proportion to the size of its head 
and wfadU bodj ; while we know, that in some other animals of this dass, particu- 
larly asMiog the sinsins-birds, the brain exceeds that of the human subject in these 
Miolaef 



a a 



iS8 OH THE BRAIN AND NEEtVOUS SYSTBH. 

DIMENSIONS 

OF 

THE LOBES OF THE CEREBRUM IN BUIDS. 



I'ullurfulvui (vuliure) 

ra/co/a/raj (common eagle) . . 
F. ostifragiu (sea eagle) . . . . 
F. aniginosus (buzzard) . . . . 

F. 6u(«) (hawk) 

F. commmk (falcon) 

Strix buho (great liorned owi) . . 
Motacilla regulus (gold-crowned \ 

wren) j 

Hirundo rustica (swallow) . . . 

iHauda arvejuis (lark) 

Fringillit domestica (sparrow) 

F. cffife&i (chaffinch) 

F. Hnaria (linnet) 

F. ctinaria (canary-bird) . . . . 
Corvuspka (magpie) 



or th« Lobei of the Cerebrum. 



Mclrc. 

0.03300 
0,03300 
0,02800 
0,01200 
0,01700 
0,01900 
0,02500 
0,09000 

0.01000 
0,01100 
0,01 100 
0,01200 
0,01150 
0,01200 
0,0^000 



Mcti^. 
0,02200 
0,0-2100 
0,01900 
0,01 -J 00 
3,01500 
0,01450 
0,01bOO 
0,00600 

0,00600 
O.0070(t 
0,00650 
0,00700 
0,00fi50 
0,00600 
0,01400 



flietre, j 

0,01550 
0,02100 I 
0.03100 I 
0,01200 I 
0,01350 
0,01200 
0,02000 ' 

0,00550 
0,00600 ! 
0,00650 
0,00700 

o,ai700 I 

0.00600 
0,00700 \ 
0.01200 I 




OS THE BRAIN AND NERVOUS SYSTEM. 



mMENSIONS 

OF 

THE CEREBELLUM IN BIRDS. 



Of ihc C<rebilliim. 



F. ossifragus (sea eaglo) 

F. anghwiui (buzzaTtl) 

F. baUo (liawk) 

Strii vlula (owl) . 

Motacilln regulm (gold -crowned wien) . 

Hirundo urbica (swallow) 

Alauda arveiuii (lark) 

Fringilla dometlica (sparrow) .... 

F. cattbi (chaffinch) 

P. linaria [linnet) 

F. canaria (canary bird) 

F. cardatlis (goldfinch) 

Loxia chlorU (greenfincli) .... 
Consul pica (magpie) 

J-"""<"°") 

AtnazoniaD jiarrot 

African parrot 

Turllc-dove 

MehagrU gallopnto (iiirkey) .... 
Phaiiamu gallua (commun iowl) , . . 
P. nyctheiiiei-us (silver pheaBanl) . , . 
P.fictiu (golden pheasant) .... 
Tetraa citicrrut (partridge) .... 

Stnthio camclas (ostrich) 

S. easuwriui (cassowary) 

Otii lurda (bustard) 

Ardea panonina (royal crane) .... 

Goeland 

Anat molliitima (eider duck) .... 



Metre. 

0,01050 
0,01400 
0,01500 
0,01 125 
0,00300 
0,00500 
0,00700 
0,00500 
0,00600 
0.00650 
0,00500 
0,00500 
0,00600 
0.0 1 100 
0,01 100 
0,01700 
0,01300 
0,00900 
0,01350 
0,00900 
0,UIIOO 
0,01200 
0,01075 
0,01 750 
0,01900 
0,00975 
0,01050 
0,01200 
0,01000 



0,02033 
0,01250 
0,01600 
0,01400 
0,00400 
0,00600 
0.00500 
0.00535 
O.IKtiOO 
0,00500 
0,00535 
0,00400 
0,00575 
0,01150 
0,01300 
O,0ld00 
0,01200 
0,01000 
0,01600 
0,01 100 
0.01025 
0,01 100 
0.00950 
0,02500 
0,02200 
O.OISOO 
0.01 SOO 
0,01700 
0,0 1 MX) 



230 OH TUB BKAIM AND NEBV0U8 8YSTEU. 

DIMENSIONS 

op 
THE CORPORA QUADRIGEMINA IN BIRDS. 



KAMES OF At:lM\Ls. 



ViUvtfiibnis (vulture) , 

Fako c/irysaetos (golden eagle) . . . 

P. ostifragvs (sea eagle) 

R com-Knw (falcon) 

F. xntginoaaa (buzzBrd) 

F. buteo (hawk) 

Moincilla regal us (gold-crowned wren) 

Hirund o ui bica (sfallow) 

Alauda iirvcruit (lark) 

Fringillti dometlica (sparrow) . . . 

P. caltbi (chatBncb) 

F. foaWa Oinnet) 

F. canai-ia (canary bird) 
dud'a {Hold finch) 



or the Corp.QiuiL 



ftlelre. 
0,O0S00 
0,00S0O 
0,01 lOU 
0,00795 
0,00550 
0,00600 
0,00300 
0.00475 
0,00425 
0,00400 
0,00400 
0,00300 
0,00335 
0,003J5 



flietre. 

0,01200 
0,01900 
0,01100 
0,00775 
0,uu9i» 

Q.msoo 

0.0t)2J0 
0.00450 
0.00400 
00330 
0,00400 
0.00300 
0.00300 
0,00300 




ON THE BRAIN AND NERVOUS SYSTEM^ 
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Dimensions of the Corpora Quadrigemina in Birds. 

[ContiDiMd.] 



NAMES 07 BIRDS. 



Peleeamu JBasmnus (solan goose) 
Anms MMser (gooae) .... 
^ A* hemicla (barnade goose) . 
A. masekaia (musk duck) . . 
A. moUiMmui (eider duck) 



MEASURES 

Of the Corp. Quad. 



Transverse 
diameter. 



Metre. 

0,00900 
0,00700 
0,00650 
COOSOO 
0,00600 



AnterO'post. 
diameter. 



Metre. 

0,01100 
0,00850 
0,00900 
0,00975 
0,00625 
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DIMENSIONS 

or 
THE MEDULLA OBLONGATA IN BIRDS. 







Ofd^HtdBlli 

ObloDg^ 








Metre. 














F. oaifraeui (sea eaaie) 










0,0OSOO 














P. buico (hawk) 








Strix bubo (great horned owt) 

Moiacilla Tegulu$ (gold-crovmed wren) 


0,00900 
0.00300 
















0,00375 
























0.00300 

o.oowo 

0,00S00 
0,01000 




























^M 
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Dimeniions of the Medulla Oblongata in Birds. 

[Contkroed.] 



NAMES 07 BIRDS. 



Godand . 

PeUcamu Bauanus (solan goose) 
Anas amev (goose) .... 
il. hermda (barnacle goose) 
A. mosehala (musk duck) . . 
A. botchus (common duck) 
A. moUiuima (eider duck) . . 



MSA8VBIS 

Of the MednUa 
Oblongata. 



Metre. 

0,01000 
0,01400 
0,01050 
0,01100 
0,01400 
0,01400 
0,01 100 



[ TBB BBAIN AND NERVOUS SYSTEM. 



DIMENSIONS 

or 
THE MEDULLA SPINALIS IN BIRDS. 





NAMES OF Dl&DS. 


OftbeMcdullK 

SpiDolb. 






VaUui/iitnii tvuliure) 


Metre. 

0,00800 






Fafc<>c4r¥Mrtw(rojal eagle) 

F.o«tfray...(»ea eagle) 

F. co—.«w (Islcon) 

F. «^Vl,■in<Mt.l (buzLirJ) . . . 


0,00900 
0,00600 
0,00500 
0,00550 
0,00400 






P. ftutrt) i,hawk) 






Motacitia rfgu/u* tgold-crowned wren) 


0.00135 
0,00175 












FringUIn domaiica (sparrow) 

F. Calebs (chaffinch) 


0,00175 
003S3 
















0.00150 














Loiia cMoris (greenfinch) 


0,00200 
0.00450 












^M 
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Dimensions of the MeduUa Spinalis in Birds. 

[Continued.] 



ITAMES OF BIRDS. 



MXAIDRXS 

OftheMedidla 
Spinalk. 



Felecantis bassanvs (solan goose) 
Anas atiMcr (goose) . . . . 
A, bemicia (barnacle goose) . 
/I. motcktUa (musk duck) . . 
A, Ifoschtts (common duck) 
A. moiiiuima (eider duck) • . 



Metre. 

0,00750 
0,0060a 
0,00600 
0,00700 
0,00675 
0,00600 



286 ON THE BRAIN AND NERVOUS STSTBU. 

§ SiS. The brain of birds does not possess several parta, 
which are found in that of the mammalia, and the opinions of 
anatomists are much divided concerning others, on account of 
variations in their structure and appearance. The corpus 
callosum, pons varolii, &c. come under the description of 
parts, which are certainly absent. The existence of the for- 
nix, pineal gland, corpora candicantia and quadrigemina, is a 
matter of dispute.* 

AMPHIBIA. 

I 214. Anatomists have hitherto bestowed but little labour, 
comparatively speaking, on the brain of amjMbia. It is small 
and simple, and consists of Bve roundish eminences ; viz. the 
two hemispheres, the two thalamt nerrorum opticorum, lying 
behind these, and separate from them, and excavated by a 
ventricle ; and the cerebellum, which in both classes of cold 
red-blooded animab contains no arbor vitse. The spinal mar- 
row, compared with the brain, is of astonishing magnitude in 
most amphibia.'t 

The dura matter forms no processes in the amphibia, nor in the 
fishes. 



* Set Hkllcr'i viluable otneiTadaDS, d* cerdm ai 
iiL ; tod Hilactme'i long comnMiitBiy on tlicni in 
Mtawrw dtUa SmuU Itnfuno. • 
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DIMENSIONS 



OF THE 



LOBES OF THE CEREBRUM IN REPTILES. 



NAMES OF ANIMALS. 



MEA1URE8 

Of the Lobes of the Ce- 
rebnun. 



Testudo graca (tortoise) 

T. myda9 (green turtle) 

CrocodUus NUoiicuSf (common crocodile^ 

Adult crocodile 

C «c/m>/» (alligator) 

C hicius (pike-headed alligator) . . 

L. agilis (grey lizard) 

Lacerta viridis (green lizard) ...» 

Tupinambis 

L. AflicaTUi (common chameleon^ . . 
Angms/ragilU (blind-worm) .... 

Amphisbfiena 

Coluber beras (adder^ 

Ringed snake 

C. hc^i (haj6 viper) 

Rana cicuUnta (common frog) 



Antero-post 
diameter. 



Metre. 

0,01600 

0,01900 

0,00800 

0,01800 

0,00700 

0,02100 

0,00500 

0,00350 

0,00400 

0,00600 

0,00250 

0,00500 

0,00400 

0,00550 

0,00575 

0,00500 



Transverse 
diameter. 



Metre. 
0,00500 

o.oioob 

0,00500 

0,01500 

0,00400 

0,01 100 

0,00275 

0,00250 

0,00300 

0,00333 

0,00200 

0,00300 

0,00300 

0,00400 

0,00400 

0,00400 
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DIMENSIONS 



THE CEREBELLUM IN REPTILES. 



Testvdo graca (tortoise) 

T. mj/da* (green lurOe) 

Crocodiltit NiloiUvi (cocntriori crocodile) 

C. xleropx (alligator) 

C Ivcius (pike-headed aJligalor) . . ■ 

L, agilU (grey lizard) 

Laecria mrida (green lizard) .... 

Tupinambis 

L. Afrkana (common chameleon) . . 
Jngaitfragilii (blind-worm) . 
Coluber betas (adder) 
Ringed snake . . 
C. haji (baj^ viper) . 



OfthcCerebelluiD. 



0,00400 
0,01 125 
0,005(10 
0,00400 
0,01 400 
0,00150 
0,00175 
0,00330 
0,00375 
0,00100 
0,00200 
0,00175 
0,00175 



Metre. 
0,00300 

o,onoo 

0,00400 
0.00300 
0,01000 
0,00150 
0,00150 
0.O05OO 
0,00175 
0,00100 I 
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DIMENSIONS 



OF THE 



CORPORA QUADRIGEMINA IN REPTILES. 



NAKES OF ANIMALS. 



Tahidograca (tortoise) 

T. mydtu (men turtle) 

Crof^dihuriiloiieui (common crocodile) 

€L Mclerops (alligator) 

Lacerta virtdiij^reeu lizard) . . . 

lu afiiis (grey hsard) 

Tnpmambis • 

L. J^ricana (common chameleon) . . 
Amguufit^is (blind-worm) .... 
CAiber nairix (ringed snake) . . . 

Cblnfrfr &(ra« (adder) 

Ringed viper 

C. kt^i (liaj£ viper) 

Rmuu icukma (common firog) . . . 



MIASUKIS 

OftheCk>rp. Quad. 



Transverse 
diameter. 



I 



Metre. 

0,00200 
0,00700 
0,00800 
0,00235 
0,00150 
0,00175 
0,00250 
0,00300 
0,00100 
0,00200 
0,00200 
0,00225 
0,00200 
0,00300 



Antero-posL 
diameter. 



Metre. 

0,00350 
0,00650 
0,00350 
0,00275 
0,00150 
0,00150 
0,00300 
0,00250 
6,00100 
0,00300 
0,00300 
0,00300 
0,00200 
0,00400 
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DIMENSIONS 



THE MEDULLA OBLONGATA IN REPTILES. 



Tettuda graca (tortoise] 

T. mydat (gteen turtle) 

Crocoditiit NUaiicui (common crocodile) 

C. K^eropt (alligator) 

Lacerta viridit (green lizard) .... 

L. agUit (grey liurd) 

TiqHnambis 

L. Africana (common chameleon) . . 
Aiiguufl-agilu (btind-wortn) .... 
Crolaliu horridu* (rattle- anake) . . . 

Coluber ieria (addei) 

Ringed viper 

C. %V (b^i viper) 

Bona etciltnta (common frog) . . . 



Mctn. 
0,00500 
0.01050 
0,00500 
0,00435 
0,00*50 
0,00900 
0.00833 

o,ouoo- 



0,00700 
0^00325 
0,00860 

o^ooaoo 
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DIMENSIONS 



Of 



THE MEDULLA SPmALIS IN REf^TILES. 



NAX28 OF ANIMALS. 



MEAIUaXf 

OftheMeduUa 
Spinalis. 



Jhsiudo gntca (tortoiBe) 

7. roiMla (striped turtle) 

r. myda§ (green turtle) 

Ovcodihuifihticus (common crocodile) . . 

C.Mclerop9 (alHgatoar) . • • « 

Laeerm vmdU (green lizard) 

L. ofiHs (greyluard) 

Tnpmambis • 

L,AjHcanaXcommonchsLme\eon) . . • • 

Aagmsfragiiis (blind worm) 

QMer natrix (ringed snake) 

Croiahit harridus (rattle-snake) 

CoibAer beras (adder) 

Ringed Tijyer . 

C. kyi (haj6 yijper) 

Bona ucuknta (common &og) ^ 



Metre. 

0,00800 
0,00600 
0,00600 
0,00800 
0,00260 
0,00176 
0,00166 
0,00200 
0,00226 
0,00183 
0,00126 
0,00400 
0,00200 
0,00160 
0,00176 
0,00300 
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FISHES. 

§ 215. In this class of animab the brain does not fill the 
cranium. Between the ]na and dura mater (which in most of 
the Urge fishes approaches to a cartilaginous firmness) there 
is collected a salt and greasy fluid, contained in a loose edhir 
lar texture, which seems to supply the place of the tmnca 
eracbnoidea.* 

§ 316. The structure of the brain varies in the difierent 
genera and species ; sometimes even in the individuals of the 
same species. It consists of several tubercles or lobuli disposed 
in pairs ; and of these, the five, which were described in the 
brain of the amphibia, are the most constanL'f' 

% 217. In most fishes the opHc nerves decussate (just like 
two fingers laid crosswise), a remarkable, peculiaril^, which 
has given rise to several physiological inveatigatioiif and infer- 
ences.]: 

In the tkate, the right nerve goes through a fiHoie in dte left ; in 
bony fishcathedecussatJonisinore mani&it, as <hm nerve mody lit* 
on the other without any intermixture of luhitanoe. Tlie fiwt has 
been noticed by Collins, Willis, and several others ; it ia repnaanlcd 
by Ebel in the pike, carp, and tiltmu glaiut (Oba. NemoLeM^mat. 

* CHMriw hu ginn u einUeat viewof tk» cnuunnof aiikeUlaptB, Dt 
Atiditt, ttb. 13. 

t Hillcr, Dt Cirtbn Pucwn, ia the Opm BHiun, Um. Si, f, IM. Odte 
ku giitn repreKDt&tioDi'Or the brain in almmt oil Ike ordtra of W 




ON THE BRAIN AND NERVOUS SYSTEM. 343 

eomp. tab. 2, fig. 2, 3, and 4 ; this dissertation is contained in the 3rd 
vol. of Ludwig's Scriptores NeuroL Minores). It does not seem to 
have been much investigated in birds and the amphibia. In eight 
instances, where the eye of an anirtial had been destroyed or injured, 
the optic nerve was found to be altered in structure and appearance 
as far as the union ; and beyond that point the alteration extended 
dong the opposite nerve to the opposite thalamus* (See Ebel, loc. 
cit. tab. 1, ng. 1 and 2.) A similar appearance has been found in a 
man. Sommering De Deciissat. Netv, Optic, in Lud wig's Collection, 
totn* 1. 

These Serves have in some fishes the uncommon structtire 
of an investiotient of pia mater, containing very elegant longitu- 
dinal foIds> ' 

The ol&ctory nerve sometimes forms a ganglion just before 
it is difttribufed to the nose. The gadus merlucdus and the 
earp^ afford samples of this structure, which is remarkablei 
inasntttch as ho ganglia have been hitherto observed in the 
nervotu syftlefeh- of fishes. 

\ 218. We dimst lastly mention those, nerves which are dis- 
triba^ in dw electrical fishes, to that wonderful apparatus of 
memfarsnottH'celbi filled with a gelatinous substance like white 
etegg, atid petfbyinitig th6 ofiice of a Leyden jar, or electrical 
battery* Ttese furious organs occupy the lateral fins of the 
toQrpedo4! and receive their nervous supply from the fifth pair^ 
In the ekctricat eel^ (gj/tnnotus) the electrical organ is found 
lowards the posterior part of the abdomen,§ and its nerves 
tonie from the^meduUa spinalis. In the silutus electricus it is 
plaeed between the skin and muscles over the whole body) 
and its nerves are derived from the eighth pair.|| 

^.^—^^^.^i^M . ' l ■ I. II i ■ II ■ ■ I < I til - 

^ Set EofUcbii, Qutum "Examen, p. 227, and a representatioii from the taw4ish| 
(ipfhii fntili^ in Malpighi, Dt Cerebro. In order to compare this with the ofdi" 
aary structure of other nerves, see the representation of the physiological prepara- 
Hon of the commencement of the fifth pair in the elephant, in A. K. Boerhaare Hitf- 
t§ria anaUmica infantis, cujus pan Corporis it^erior monttrota. Petersburg, 1754« 
4to. tab. 1. 

t Scarpa, loco citato. 

t Hunter, in the Philos^ Trans, vol. Ixiii. p. 481, tab. 20 ; and Girardi, in the 
Mmmorii delta Society Jtaliana, torn. iii» p. 563. 

i Hunter, in the PhUot. Trans* voL Ixv. p. 396, tab. 9. 

I Oeofirojy in the BulUiin d% la SocUti Phibmatique, 6 annfe, torn* iii. p. 169. 

R 2 
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DIMENSIONS 



THE CEREBRUM IN FISHES. 



NAMES OF ItEUES. 



PetromyzonjUtoialis (lesser lamprey) 
Squalut cnrchatioi (white shark) 

S. acanlhius (aguilat) 

S. grisevn (grey shark) 

S. glauait (blue shark) .... 

Raya clavata (ray) 

H. rubtfi (red rsy) 

Jeiprmer aiario (sturgeon) , . . 

Etox Ivcitit (pike) 

Cyprinui carpio (carp) 

C. tinea (tench) 

Gadvs iiwrrhua (cod) 

G. eglefixut (haddock) 



Of the Cwebnun. 



0,00400 
0,02300 
0,0V 100 
0,03000 
0,01700 
0,01500 
0.01650 
0,00600 
0,00700 
0,00600 
0,00400 
O.0O725 
0,00100 



0,00300 
0,01100 
0,01000 
0.01600 
0.00700 
0,01300 
0,01300 
0,00550 
0,00550 
0,00500 
0,00300 
0,OOSOO 
0,00100 
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DIMENSIONS 



THE CEREBELLUM IN FISHES. 



or the CcnbeltDiii. 



Petromyton jhiBialU (lesser lamprey) 
Squalut carcharias (white shark) 

S. ocanthia* (aguilat) 

S. griiou (grey shark) 

5. gtaucui (blue slisjk) .... 

Raya ciataia (ray) 

R. rubui (red ray) 

Acipmser slurio (sturgeon) . . . 

£tor Indus (pike) 

Oyprmut carpio (carp) 

C. (mta (tench) 

Gadua morrhua (cod) 

O. egUfinut (haddock) 

6. merlangus (whiting) .... 
Pkttronectct maiimat (turbot) . . 

Murma anguitia (eel) 

flf. coager (eongor eel) .... 
TWgfei lyra (flying-fish) . . ■ ■ 
Lt^iiia piteatorius (Hog-Sab) . . 



Me Ire. 
0,00235 
0,01700 
0.0(500 
0,02700 
0,0107.'> 
0,03400 
0.(H00O 
0,01300 
0,00600 
0,00675 
0,00500 
0,01350 
O.00SOO 
0,00600 
0,00750 
0,00600 
0,01075 
0,00900 
0,00700 



Me Ire. 
0,00100 
O.OSIOO 
0,01700 
0,02200 
0,02100 
0,02500 
0,03500 
0,01600 
0,00633 
0.00800 
0,00550 
0,01700 
OOIOOO 
0,00625 
0,00900 
0,00450 
0.00900 
0.00633 
0,00400 
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DIMENSIONS' 



THE COBPO&A QUADRIOEMINA W FISHES. 



Pvtnmj/zoHjluviaUi (lesser lamprey] 
Sgualu) carchariat (white sliark) . , 

S. acanihias (aguilat) 

S. gritciis (grey shark] 

S. glaiicut (blue Hhark] .... 

Raj/a clav/iia (ray] 

R. rubiu (red ray) 

Acipfiuer aturio (sturgeon) . . . 

Esar Itidiu (pike) 

Cyprinui cirpio (carp) . . . . . 

C. tinea (tench) 

Gadta morrhua (cod) 

ft. tgUJimi, (haddock) . 



Melre. 

0,00-200 ' 
0.00700 
0,00600 
0,01100 
0,00633 
0,00000 
0,00800 
0,00^50 
0,00.>76 
0,00700 
O.OOJUO 
3,U0LiU0 
0.00600 



0,00233 
0,01800 
0,01075 
0,01700 
0,01250 
0,01500 
0,01900 
0,OOG&0 
0.00800 
0,00»00 
lO.OOGOO 
I 0,00800 
; O.OODOO 
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DIMENSIONS 



Of 



THE BfEDULLA OBLONGATA IN FISHES. 



HAKES OF FISHES. 



P f 

PetramjfzanJbmaU$ (lesser lamprey) 
Sqiutha carchdndi (white shark) • 
S. aiUmikias (agailBt) .... 

FU(fa cbmua {ny) 

ELy^Om (red ny) . . . . . 
AijplJiiPf amHo (sturgeon) . . 

E$o:t bu^ttu (jSke) 

Qgtrima catph (aatp) 

uifiilca (tench) 

Chains morrhua (cod) .... 
G^a^l^H^f (haddock) .... 
Op merhmgus (whiting) . . . . . 
FttUronecicM maximuM (turbot) . . 

FfiMea (sole) 

iMtottntf awnUa (eel) .... 
KL tcnger (congor eel) .... 
^>t6,^U9MUf7tf (perch) ... 
Ti^ fyra (flying-fish) .... 
U^iiupueatariui (frog- fish) 



MEASUaif 

Of the Medulk 
Obbngata. 



Metre. 

0,00400 
0,01400 
0,00900 
O^ISOO 
0,01600 
0»00850 
0»00900 
0,00600 
0,00650 
0»01000 
0,00650 
0.00600 
0,00800 
0,00500 
0,00600 
0,01100 
0,00550 
0,00700 
0,00600 



I THE BRAIN AND NEEVOUS 8TSTBH. 



DIMENSIONS 



THE MEDULLA SPINALIS IN FISHES. 



Peiromytonjluvialu (lesser lamprey) 
Sgualvi carcharias {white shark) . . 

5. acatilhias (aguilat) 

Ruya clavaia (ray) 

R. Tubua [red ray) 

Acipenseralurio (sturgeon) . . . . 

Etox lucius (pike) 

Cvprinta carpio (carp) 

C. ii«c<. (tench) 

Gadui morrlma (cod) ..... 

G. egl^iui (haddock) 

G. merlangua [whiting) 

Ptcuronecta maiimus (lurbot) . . 

P. soleti (so)e) 

Mumnn angnilla [eel) 



aletw. 
0,00?75 
0,00700 
0,00600 
0,00900 
0,00600 
0,00400 
0,00600 
0/10200 
0,00300 
0,00575 
0,00500 
0,00300 
0,00500 
0,00233 
0,00250 
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INSECTS. 

% S19. The general structure of the nervous system in this 
class has been already mentioned (§ 204). 

The larvae^ in which the subject has been most completely 
investigated^* have a brain, consisting of two ganglia, contain- 
ed in a homy cavity larger than itself* The nervous cord, 
which in red-blooded animals constitutes the medulla spinalis, 
proceeds from this point along the abdomen, forming in its 
passage twelve simple ganglia, from which, and from the two 
ganglia forming the brain, the nerves derive their origin.*!* 

VERMES. 

. § 220. Excepting those animals which inhabit corals, and 
the proper zoophytes, most genera of the other orders of this 
class are found to possess a distinct nervous system iX although 

* See Lyooef 8 excellent account of the larva of the Phalana Omug, tab. 9, 10, 
and 18. Tliat of the nlkworm by Swammerdam, tab. 28, fig. 3, (which ii better 
tbanMalpighi's representation) and by Bibiena, in the CommenU Instit, Bonon, tom. 
T. pt 1, tab. 4. That of the butterfly, by Bibiena, ibid. 

t The nervous system of the larva of the aag-beetle, may be seen in Swammer- 
dam, tab. 28, fig. 1 ; and in Roesel, torn. ii. tab. 8. That of the ephemmv, in 
Swammerdaro, tab. 14, fig. 1, tab. 15, fig. 6. That of the male bee, ibid. tab. 22, 
%. 6. That of the mtuea chameleon, in the different stages of its metamorphoaisy 
ibid. tab. 40, fig. 5, tab. 41, fig. 7. That of the larva of the mutca jmtris, ibid. tab. 
43, %. 7. That of the louse, Ub. 2, fig. 7. That of the lobster, V^illis D« Anma 
Brutonm, tab. 3, fig. 1. 

Humboldt's Vertuche uber dig gereiste Muskel und Nervenfase, vol. i. contain seve- 
ral excellent anatomical and physiological remarks on the nervous system of some in- 
tects, pp. 273, 286. 

I See Jos. Mangili De SystemaU Nerveo Hirudinis, Lumbrici Terrettm, alionmiqiu 
Vermhtm, Ticini, 1795. 

The nervous system of the leech has been shewn by Redi, De ViventUnu intra 
Viventia, tab. 14, fig. 9 ; and Bibiena, Comment, Instit, Bonon, tom. vii. tab. 2, fig. 
6, tab. 3, fig. 6. Bening's excellent work on the leech ; and Mangili's book may 
also be consulted. 

The nerves of the slug are represented by Swammerdam, tab. 9, fig. 2 ; and those 
of the helix pomatia, ibid. tab. 4, fig. 6 ; tab. 6, fig. 1 ; which may be compared 
with the drawing by Spallanzani, in the Memorie della Spcietd ItaUana, tom. ii. pt. 2, 
p. 646. 
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former anatomists have expressly declared, in serenl to- 
stances, that no such parts existed.* The structure and dis- 
tribution of the nerves possess in many cases a surprising ana- 
logy to those of insects. The nervous system of the sea ■ Mwe , 
{aphrodite aculeata) for example, is very similar to that of the 
IvvK.-t- In others it is more anomidous : thus, in the cuttle- 
fish, two large nervous chords arise from the brun, and form 
in the breast two club-shaped ganglia ; from which numerOna 
nerves proceed^ 

In the class of insects, and of vermes, the upper ganglion of the 
nervous cboid, wbich represents the brain, is usually plawd near Ae 
mouth or oisophazus ; which tube is surrounded by a nervous chord 
proceeding from mat ganvlion. 

In the first volume of the woik of M. Serres, VAnatomie comjMrie 
Ju Cerveau, which obtained the prize adjudged at the Royal Institute 
of France, in 18S1, the Report of Baraa Cavier, on Aat pn>daction, 
u inserted. That report contains, in the form of apboriamt, the 
substance of M. Scrres's work, which, proceeding bom so dutin- 
gdihed an anatomist, cannot fail to form a valuable appendix to this 
lecdon on the brain and nervous system. 

The spinal marrow ia developed before the brain in all classes. 

It eomists first, in young embryos, of two cords, wludi are not 
united posteriorly ; between these two portions a sulcus ia JetL These 
two cords soon approximate and join at their posterior part ; the in- 
terior, therefore, of the spinal marrow is hollow. This cantl, whidit 
may be designated by the name of ventricle, or canal of the swnsl 
marrow, is sometimes filled with a liquid, constituting dntpsy of the 
spinal marrow ; this disease is of frequent occurrence in the embryos 
of mammalia. 
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layers of grey matter, secreted by the pia maier which 
into this canal. 

The spinal marrow in young embryos of all classes, is of the same 
sise throughout its whole extent ; there is no enlargement either ante- 
iMnly or posteriorlVf as is the case with reptiles deprived of limbs (vi- 
persy adders, blind-worms,) and most fishes. 

Embryos, which want the enlargements of the spinal marrow, are 
dsprived of iheir anterior and posterior extremities. The embryos of 
all mammalia, of birds, and of man, resemble, in this respect, the kri 
rm.of the frog genus in general. 

With the appearance of limbs coincides, in all embryos, the ap- 
peanmce of anterior and posterior enlargements of the spinal marrow. 
This effect is especially remarkable in the larvae of frogs at the pe- 
liod of its mistamorphosis ; the embryos of man, mammalia, birds, 
and reptiles, experience a metamorphosis, entirely analogous to thai 
1^ the larvae. 

The animals which have only a pair of limbs, have only one en- 
largement of the spinal marrow ; the cetacea particularly are examples 
of mis kind. The enlargement varies in situation according to the plsce 
wfaidi the pair of limbs occupy on tlie trunk ; the enlar^ment of the 
spinal marrow in the genus bipes is situated on the posterior parts, in 
the genus btmatuiM^ on the contrary, on the anterior part. 

In the cases of monstrosity, which the embryos of mammalia, birds, 
and man, so often present, there are frequently found bipeds and bi- 
mana, which, like the cetacea and reptiles we have just mentioned, 
have only one enlargement, situated very near the pair of limbs which 



The spinal marrow of fishes is slightly enlarged very near the 
place which corresponds to their fins. Hence the jugular have this 
enlargement behind the head, at the cervical region of the spinal 
marrow, the pectoral^ near the middle part, or dorsal, and the abdo" 
waudlf near the abdominal region of the spinal marrow. 

TheJlying'Jish is remarkable on account of the detached rays of its 
pectonJ, as also by a series of enlargements proportioned, both in 
number and in size, to the size and number of these same rays to 
which they correspond. 

The electrical nsh has a considerable enlargement, corresponding 
to the nerve which is distributed to the electrical apparatus, (ray dlu- 
rui tkctriaa). 

The class of birds presents very remarkable differences in the pro- 
portion of these two enlargements. 

The birds which live on the earth, as our domestic birds, and 
those which climb trees, have the posterior enlargement much greater 
than the anterior. The ostrich is a remarkable instance of this kind. 

The birds which fly in the air, and which oflen make long journeys, 
present an inverse arrangement ; viz., the anterior enlargement ex* 
oeeds the posterior. 

M. Gall said that the spinal marrow was enlarged at the origin 
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of each nerve; M. Serres does not think that thu opinion u eon' 
firmed by the examination of the spinal marrow of vertebntcd 
animali, at whatever period of life, whether intra or extra iiteriDc, 
th^ are considered. 

H. GaU thoi^ht these enlargcmenta were analogoua to the doable 
aeries of ganglia, which are substituted for the ipmal marrow in tf 
ticulated animals. 

This analogy is found, as some authors have already oimtmi, 
not in the spinal marrow, hut in the interyertebrated gangluu 

These ganglia, which have not much engaged the attmtion of ana- 
tomists, are proportioned in every class to the aiae of the nema 
which traverse them. They are much larger near the neirea whidi 
go to the limbs, than in any other part. 

The spinal marrow is extended to the extremity of the coccyxi in 
the human foetus, till the third month. At this period it is on a lerd 
with the body of the second lumbar vertebra, where it ia inserted at 
birth. 

The human foetus has a cauda equina, which remains till the thiid 
mmitfa of uterine life; at this period this prolongation diaappear^ 
and its disappearance coincides with the ascent of the spinal marrow 
in the vertebral canal, and the absorptitm of a part of the vertebrae ti 
the coccyx. 

If the ascent of the spinal marrow be arrested, the human foetus ii 
bom with a tail, which is exemplified by a great number of cases ; 
the coccyx ii then composed of seven vertebree. 

There is then a relation between the ascent of the aptnal marrow 
in its canal, and the cauda equina of the human foetus and of mam* 
nialia. 

The more the spinal marrow rises in the vertebral canal, the more 
the oauda equina diminishes, as in the pig, the wild-boar, the rabbit ; 
on the contrary, the more the spinal marrow ia prolonged, and 
descends in its sheath, the more the tail increaaea in sise, as in the 
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In all fishes the spinal marrow presents the same characters \ it 
often jM'esents at its termination a sh'ght enlargement 

Among mammalia, the cetacea resemble fishes in this respect. 

The hwnan foetal monsters, wliieh have no lower extrenutiesi ap- 
proadiy in this respect, cetacea and fishes. 

The decussation of the corpora pyramidalia is visible in the human 
embryo about the eighth week. 

In mammalia the oecussation becomes less and less apparent on de- 
scending from the quadrumana to the rodentia. 

In birdi there are only observed one or two corpora pyramidalia at 
fiurthest, the decussation of which is distinct. 

In repiiies there is no decussation. 

Jnfahet the decussation does not exist* 

The sise of the spinal marrow and that of the brain are, in generali 
in inverse ratio one to the other of vertebrated animals. 

The human foetus resembles, in this respect, the inferior classes ; 
the younger the foetus is, the larger the spinal marrow is and the 
amafler the brain. 

In some circumstances the spinal marrow and brain preserve a di- 
rect relation in size ; thus, when the spinal marrow is straight, the 
Inrain is also straight, which is particularly remarkable in serpents. 
When the spinal marrow diminishes in length, and increases in size, 
the brain increases in equal proportions, which is very remarkable in 
lizards and tortoises. 

In birds, the more the neck is lengthened the narrower is the spi- 
nal marrow, and the more reduced in tissue is the brain. 

This direct relation of size between the spinal marrow and the 
brain, does not apply wholly to the encephalon ; it only takes (dace 
withiespect to the corpora quadrigemina. 

The spinal marrow and corpora quadrigemina are exactly develop- 
ed in direct ratio one to the other, so that the size or power of the 
spinal marrow being given in one class, or in families of the same 
class, we can exactly determine the size and power of the corpora 
qvadfigemina. 

The same observation applies to the human fcetus ; the younger it 
is the stronger is the spinal marrow, and the more the corpora qua- 
drisemina are developed. 

The corpora quadrigemina are the first portions of the brain which 
aie finrmea ; their formation always precedes that of the cerebellum, 
in the embryo of birds, reptiles, mammalia, and man. 

In birds the corpora quadrigemina are only two in number ; and 
ihey occupy, as is well known, the base of the brain. 

On the commencement of incubation, they are, as in other classes, 
situated on the superior surfitce of the brain, forming at first two 
lobes, one on each side ; on the tenth day of incubation, a transverse 
sulcus divides this lobe, and at this time there are truly four tubercles 
situated between the cerebrum and cerebellum. 

On the twdfUi day a very sinoular motion b^^ by which they 
pass firom the superior towards the inferior surface of the brain. 
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During tbiB motion the cerebnim and cerebellum, Mpamted at 
first by these tuberclea, approach and terminate by acting agnan 
each other, as is observed in all adult birds, 

In reptiles, the tiibercula quadrigemina arc only two in number in 
the adult state ; but on the fifteenth day df the larrse of frogs, tbey 
ai« divided, ai those of the bird, on the tenth day. 

In this class the tubercles do not change their place ; they alnvs 
remain sitiutetl on the superior sur&ce of the bnin, between the 
cerebrum and cerebellum, and their form is always oval. 

Injbha, the considerable space wfairii the tubercula quadrigetniaa 
occupy, has caused them to be considered, up to the present time, as 
the cerebral hemispheres of the brain. 

That which has contributed to make this error believed is, that 
they are intercepted by a large Ventricle, presenting a conridenble 
enlargement, analogous in its form and ttmcture to the corpora Mialu 
of the brain in mammalia. 

These tubercles are always double in fiahes, and their form af- 
proachcs that of a sphere, slightly flattened intemally. 

In mammalia and man, the corpora quadrigemina are onl^ two 
In number during two thirds of the uterine life ; they are then oval 
and hollow intemally, as in birdi, rtptila, andjUt*. 

At the laat third period of gestation, a transverse fissure divides each 
tuberde, and then they are only four in number. 

The difference which these tubercles present in the dlfierent classM 
of mammalia depends on the position which this traniverae siilcna 
occupies. 

In man it generallv occupies the middle part ; the anterior tuber- 
cles are almost equal to the posterior. 

In the carnivorous animals the sulcus passes more auteriotly, 
wliich gives a predominance to the posterior. 

la the rwitmantia and rodentia the sulcus passes more posteriorlft 
which gives a predominance to the posterior. 

Id some brains of the human fcetus and of mammalia the ti ' 
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as alto fiff llie nae of tfadr optic nenrei and corpora qnadrige* 

In mammalia the ejCBt optic nerves, and corpora quadrigemina 
dbocaae fiom tlie ro&ntia to the ruminantia, from the raminantia 
to Ae canuTOfona animali, the qtiadrumana, and man, who ooca- 
piea, in this respect, the lowest grade of the animal sade. 

As the corpora qoadrigemina senre as a base lor iht detennina- 
tkm of the other partt of the brain, we have accumulated all the 
fiusts respecting them* 

JFMet lunring the largest coipora quadrigemina, have also the inter- 
parietal portions the most marked. 

After Juka come the reptiles^ then the Urdi; lastlv, among mam* 
nudia, the rodentia have the greatest inter-parietal portions; ^dien 
come the mminanfia, the carnivorous animals, the quadromana, and 
man, in whom these are onlj occasionally met with. 

It will appear angular tliat the cerebellum is not formed tiU after 
the corpora quadrigemina ; but there is no exception to this fact in 
any class. 
' In Jidku the cerebellum is formed of two very distinct portions : 

Of a middle lobe^ arising from the ventricle of the corpora qna- 
dmemina. 

Of lateral layers proceeding from the corpus rectiforme. 

These two portioBS are isolated, disjointed in every class of fishes. 

The great diflfiarence which the cerebellum of the higher classes 
pr e se n t s depends on the union of these two elements, one of which 
preserves the name of processus vermiformis superior cerebelli^ and 
aomeSf as in fishes, firom the corpora quadrigemina ; whilst the other, 
coming from the corpora rectiformia, constitutes the hemispheres of 
the same oigan. 

Althongfa united, these two elements are entirely independent of 
eaeh other. 

The processus vermiformis superior cerebelli (middle lobe) and 
the hemispheres of the same organ are developed in every class in 
the inverse ratio of each other. 

In the fiunilies composing the class of mammalia, the same relation 
18 exactly observed ; hence the rodentia, the ruminantia, the camivo- 
ions animals, the quadrumana, and man, have this process, and the 
hemispheres of the cerebellum developed in the inverse ratio of each 
other. 

The spinal marrow is developed in all the classea in direct nropor- 
tioB to the volume of the middle lobes of the cerebrum, and in the 
inverse ratio of the hemispheres. 

These general fiusts are especially important in estimating the 
relations of the tuber annulare. 

The tuber annulare is devek>i>ed in the direct ratio of the hemis- 
phere of the cerebrum, and the inverse ratio of the middle lobe. 

The tuber asmulare is developed in the inverse ratiD of the rorpora 
quadrigemina and spinal marrow. 
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The thalami nervorum apticonm do not ezUt in fishec ; that wUdi 
hu been miataken for them being only an enlargement pecoliar U 
diti corpora quadrigemina. 

In teptiles, birds, mammalia, and man, the toe of the thfllami >■ in 
direct ratio to the size of the cerebral lobea, and the ioTene latio of 
the corpora quadrigemina. 

In the human fcetua the proportion ii the aame, the c oi poia qua- 
drigemina decreasing as the thalami increaie. In the fcetnses of 
otl^ mammalia, as well as those of birds and frogs, thia inrerae pro- 
portion also takes place. 

The pineal gland exists in the four classes of vertebrated animab ; 
it has two seta of pcedicimale, one coming from the thalami, the 
other trora the corpora quadrigemina. 

The corpora striata do not exist in fiihes, reptiles, and birds. 

In mammaUs their development is proportioned to the cerebral 
hemispheres. 

The hemispheres are developed in the direct ratio of the sixe of 
the thalami and corpora striata. 

In fishes they form a simple rounded bulb, iitnated ia front of the 
canon quadiigemina, where the dura cerebri are lost. 

ui fishes, reptiles, and birds, the cerebral lobea constitate s solid 
mMB without ventricles. 

Tbe ventricular cavities are peculiar to mimmiilMi and man. 

A curious inverse proportion ia observed in this respect between 
the three inferior classes and mammalia, with respect to tbe oorpon 
quadrigemina and the cerebral lobes. 

In the three inferior classes the corpora quadrigetmna have Ten* 
trides ; the vertebral lobes are solid, and have none. 

In the mammalia and man, on the contrary, the co r por a qnadri- 
gemioB are ulid, and the cerebral lobea have luge ventridea. 

In the three inferior classes the cerebral lobes have no convolntioos; 
in the mammalia, on the contrary, the convolutions appear wiA tlie 
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The corpus callosum, as Tvell as the poos varolii, are peculiar to 
mammalia. The corpus callosum is developed in direct proportion 
to the size of the corpora striata and hemispheres. It increases pro- 
gressively from rodentia and man. 

The corpus callosum is developed in direct proportion to the de- 
velopment of the tuher annulare. 

Tne hemispheres, taken as a whole, are developed in the direct ratio 
of the hemispheres of the cerebellum, and in the inverse ratio of its 
superior vermiform prooess. 

The cerebral hemispheres are developed inversely, as the spinal 
marrow and corpora quadrigemina. 

The nerves do not arise from the brain, to be distributed to the 
di£ferent organs of the body, as has been generally supposed ; but 
they proceed from these organs to the brain and the spinal marrow, 
for thie purpose of communicating with these nervous centres. 

M. uall has stated, that the grey is formed before the white mat- 
ter ; this opinion is not correct, as far as the spinal marrow is con- 
cerned. 

M. Cuvier first proved, that in the genus asierias the nervous 
system is composed of white, without any grey matter. 

During the incubation of the chick, the first rudiments of the spinal 
marrow are observed, composed of white matter ; the grey does not 
aTOear till a lat^ period. 

In the human fcetus, and that of mammalia, the white matter is 
constantly observed to appear before the grey in the spinal marrow ; 
but in the cerebrum, properly so called, this order, as to the appear- 
ance of the two substances, is reversed. 

Hence the optic thalami and corpora striata are only enlargements 
in the young foetus composed of grey matter ; the white not appear- 
inffdll a later period. 

The corpora striata cannot be said to exist in the human foetus, 
because the striae of white matter are not then formed. 

The strise of white matter, which are found in the fourth ventricle 
of the human subject, do not appear till the twelfVh or fifteenth month 
afterbirth. 



CHAPTER XVII. 



ON THE ORGANS OF THE SENSES IN OENEEAL, AND ON THAT 
aw THE SENSE OF TOUCH IN PAftTICULAR. 



% SSI. Few sabjects in comparative anat(nii7 and phjsiokgy 
have ^ven rise to more various and contradietoiy opiidtaii 
than the organs of sense in some classes of anmiBla.* Much 
misunderstanding on this point has deariy arisen from the 
inconsiderate and unconditional application of infiereDces drawn 
from the human subject to animals. Thus it has been sup- 
posed that those which possess a tongue, must have it for the 
purpose of tasting ; and that the sense of smell most be want* 
ing, where we are unable to ascertain the existence of a nose. 
Observation and reflection will soon convince lu, that the 
tongue, in many cases (in the anf-eaiert among the u 
and almost universally in birds), cannot firom its t 
and mechatusm be considered as an organ of taste, but mnst 
be merely subservient to the ingestion and deglutition of the 
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amcl ccM, very few possess, like the human subject, organs' 
exclusively appropriated to (he sense of touch, and expressly 
ooriitructed for the purpose of feeling, examining, and ex- 
pioriag the qualities of external objects. 

This sense appears, according to oifr present state of know-i^ 
ledge, to exist only in four classes of the animal kingdom ; 
ti«. in most of the mammalia, in a few birds, in serpents, and 
probably in insects. 

MAMMALIA. 

^ S2S. The strocture of the organ of touch is the most pet- 
feei, and similar to that of the human subject, in the quadru^ 
mana. The ends of their fingers, particularly of the posterior 
extremities, are covered with as soft and delicately organized 
a sldi^ as that which belongs to the corresponding parts in 



Several pf the Agitata are probably provided with thia 
sense* The organiaeation of the under surface of the front 
toes of the racaanf (ursus lotor) and the use which the animAl 
makes of those pfirts, prove this assertion. 

It is not so clear that we are authorized in considering the 
snout of the mok* and pig,"^ not to mention the tongue of 
the 9oUdungula and bisulcaiX or the snout of these and othei^ 
animals,! as true organs of touch, according to the explana- 
lioii above laid down. Much less can we suppose the loiq( 
bristly hairs^ which constitute the whiskers of the cat kind, 
and other mammalia, to be the organs of touch in the sense wq 
are now considering, although they may be serviceable when 
ibey come in contact with any object, in warning, and making 
die animal attentive. The seeU^ for instance, has a very long| 
in£ra;Orbital nerve, consisting of about forty branches, which 
are distributed to the projecting lip. I have traced many of 



* DeriMon'i Fh^icQ TktoUtgif, p. 206, not. 60. 
t DtmHa't Zeommia, taiii. i. p. 162. 
t IMkm, HUtoin de$ OUeaux, torn. i. p. 47. 
i Baffbo, Hittcirt Natur§lU, torn. iii. p. 360. 
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their terminations to that part of the integumenta in wlueh 
the bulbous roots of their strong whiskers are inserted.* 

I SiSi. There would be more reason for ascribing tlui 
sense to the proboscis of the elepha»t, and to the aott, nnd- 
form, and always moist point of the upper lip of the rkimo- 
certu. 

I think, however, that the omithorht/nchtit clearly posaeises 
an organ of touch. In this curious animal, as in the dndt, 
&&, the sense in question resides in the integuments which 
cover the expanded portion of its jaws, particularly the upper 
one ; this part is most copiously supplied with Derres fixnn 
the fifth pair, and chiefly from its second branch, distributed 
just in the same manner as they are on the correspondiog 
parts of the swimming birds.f 

Bats bare been supposed to ;po»esa a pecnlisr power of percefring 
extemil objects, without coming actuaUy into contact with them. 
In their rapid and irregular flight amidst Tarioss samranding bodies, 
they never fly against them ; yet it does not seem that the sraiea of 
bearing, seeing, or smelling, serve them on tbete occasions, for tb^ 
avoid any obstacles with equal certainty when the ear, eye, and nose, 
are c1ob«1. Hence naturslista have ascribed a sixth sense to these 
animals. It is probably analogous to that of toucb. The nerrea of 
the wing are large and numerous, and distribated in a minute plexns 
between ibe integuments. The impulse of the air arainst this part 
may possibly be so modified by the objects near which the animal 
passes, as to indicate their situation and nature. 

Certain species of apes (tie tapajota) are fumished with tbe 
mber of organs of toucli ; not only are their handa and 
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— d progfessioii of a biped, is, with respect to the number of parts 
(brined for the sense of touch, less advantageously furnished than 
some species of apes ; but the deficiency in point of number is 
recompensed by the perfection of the form of his hand, which ena- 
bles him to touch a globular surface, in almost all its points, on 
acooont of the length of the thumb in proportion to that of the 
finsers, and the oossibility of separating the thumb from the fingers, 
ana the fingers from each other. The structure of the skin is also 
more perfect, the thickness of the sub-cutaneous adipose substance, 
the breadth of the extremities of the fingers, the fine texture of the 
cutis, the siae of the nervous papillae, tlie thinness of the epidermis, 
and the size of the nerves at the extremities of the fingers, are all' 
circumstances which give peculiar delicacy and perfection to this 
organ. Some species of apes, with prehensile tails, possess a similar 
modification of the organ of touch, but it is confined to the hind feet 
and tail. Many mammalia have the organ of touch situated in the 
hips, as the hortCf in which these parts are much developed, move- 
aUe, and fumishcNl with many nerves ; or, what is more singular, in 
the nose, as the tapir and elephant^ the prolonged nose of which 
latter animal terminates in a flexible, fleshy, papillary edge, without 
cuticle^ divided into two parts, one at the extremity of the nostrils, 
and the other prolonged to the dorsal or superior line into an ap-- 
pendix shaped nk^ a finger ; this is called its trunk. 

The mole and p% have the nose formed for feeling, but not for 
distinguishing the shape of external objects. 

BIRDS. 

S 925. The structure of the organ of touch in the orm^ 
iharhynchus, which has been just described, is exactly similar 
to that of geese and ducks. The bill of these birds is covered 
widi a very sensible skin, supplied with an abundance of 
nenres, from all the three branches of the fifth pair.* Thia 
apparatus enables them to feel about for their food in mud, 
where they can neither see nor smell it. 



are much less favoured in respect to organs of touch than 
mammalia ; one extremity of their bodies beinff occupied with the 
bill, and the other with a sort of oar or rudder. The anterior 
appendices are organs of mere locomotion, and the remaining portion 
of the body, or the extremities of the posterior appendices, serve to 
give them a firm position on their two legs. We nnd, however, that 
m these animals the toes are more articulated than in mammalia, 
that they are in a great degree capable of being separated from each 



^ See Plate IV. c and f, to o. 
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Other, that the papillge of the cutis are well defined. Mid tlw mtm» 
with which they are fumithed coiuiderable. It may bs in fen ad, 
tberdbre, that the feet of hird> would be tolerably prafect oMiam of 
touch, if they were not used as organs of locoDootion, and 3tMt the 
Um they are used for the latter purpoae, the more polect woold be 
the sense of touch. Accordingly we find th&t parrots take tip th(^ 
food wiih their feet, and convey it to their moutba. In birds of 
prey the sense of touch is prohably more acute, as their feet ut 
Gttle used for progression. In the gailniaeeota birdi, wboae feet an 
constandy on tlic ground, and in the otirick and cauoaary, whicb do 
qot fly, the epidcriuid is thickened, and its sensibility consequently 
diminished. 



. % 22C. It has been said with more of point than of phyu- 
olofiical accuracy with respect to serpents,* that their wh(^ 
body is a hand, by which they gun just notions of the tan- 
gible properties of bodies. According to Hellman, who'hos 
ipvestigated this subject, their slender lufutcated tongue 
serves the purposes of touch.i' 

There are some differences in respect to the degree in which dif- 
ferent classes of reptiles may he supposed to possess some approxi- 
mation to the organ of touch.' The land and sea tortoitea may be 
supposed to possess the leaat sensibility in this respect, oo scconnt of 
the shortness and close junction of their toes. The crocodUet, though 
the structure of their toes is somewhat mo(i adapted to the seiise of 
touch, resembling in this respect the river tortoises, whose toea ara 
well separated, cannot however be supposed capable of feding the 
Ibrm or external objects. This is the case also with the greater part 
of the lizardi, and especially lliose species wliicli, by tbe dimtnuiian 
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serpents seems a fiivourable structure for an organ of touch ; but the 
scalj integuments of these animab renders it improbable Uiat they can 
judge of the form of external objects. Those species, however, which 
can dimb trees, and coil themselves round the branches of trees, have 
a structure better adapted to this sense, since they have a greater 
number of Tertebrae in a given space than the other species, espe- 
cially towards the posterior part of the body. 

FISHES. 

§ SS7. Concerning this class it may be remarked, that 
most of them possess an acute feeling on the abdomeui and 
in the lips,* analogous, perhaps, to the sense of touch. 

INSECTS. 

. § S»S8..AI1 the observations and investigations respecting 
4^0 structure of the antennse, those peculiar organs which 
exist uniyersally in the more perfect insects, and the use 
which th^se animals generally apply them to, lead us inevitably 
to the conduskHiy that they really are proper organs of touch ; 
l^y which the animal examines and explores surrounding ob- 
jiect8.t Such organs are particularly necessary to insects, on 
iiocount of the insensibility of their external coat, which is g^ 
nenlly of a homy consistence ; and also from their eyes being 
desMtute^ in waofit instances, of the power of motion* 

V£IvAI£S. 

§ 2S9* It seems more doubtful whether the tentaculaof se- 
yerail vermes, and particularly the arms of the aUtle-^hJl, 
can be considered as organs of touch, in the more limited 
sense to which we have confined that word.§ 

* Licepede, Hittotrt NoturvUe det Poi»$imt, torn. i. 'Discourse, p. 65. 

t See liehmanp D» Antennis Jmeetorum, Diss. 1, 2. Lond. 1799, Svo. ; and 
KaodL't NiiM Biytrage wur IiuteUnkunde, pt. 1* Leipng, 1801, 8to. p. 38. 
Ktndohr on the organs of tooch in the bet in the Mag, der Berliner Naturf. Freunde, 
1810, p. 287. 

t BafibQ, Hittrire NatwnlU, torn. iii. p. 860. 

$ See Lehmann De Sermbui extends AninutUtun exsanguium^ Goetting. 17^8, 
4to. p* 48. F. I. Sehelver Vertwsh eingr Naturgeiehkte der Sinneiwerlaeage hey den 
Jnmeten und Wurmen* Goett. 1798, Svo. p. 28; and Drapamand, Tableau des 
Mollutquet Termtm ft FhwktUn de la Franm. Mootpellier, 1801, Svo. p. 8. 



CHAPTER XVIII. 



OM THB TOHQUB. 



% S30. We are not justified in coanderii^ the tongiie as an 
organ ti taste in all amtnals, becaase it is sobwrvient to diat 
fimetion in the human subject, and in many other inftanrw. 
We have already observed, that this orgai^ in many caseiv 
merely serves for taking iu the food ;* and it is at least very 
doubtful whether it possesses the sense of tute in aeveral 
others. Yet, on the contrary, we should not be v 
denying the existence of the sense in these ammal 
in such as are entirely destitute of a tongne: for ti 
may be exercised by other parts. I have seen an adol^ and- 
in other respects weU-fonoed man, who was bom w itfa o ul a 
tongue. He could distinguish nevertheless very caaflj the 
tastes of solutions of salt, sugar, and aloes, rubbed on Idi 
palate, and would express the taste of each in writing. Why 
then may not those animals, which either have no tongn^ or 
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cond mastication of the food in ruminating animals. Less; 
however, can be concluded with any certainty d priori on this, 
than on any of the five senses. 



MAMBfALIA. 

S SSI.* No animal possesses a tongue exactly like that of 
the human subject. The form of the organ differs consider- 
ably in the sitni^e, being longer and thinner ; and the pfapillse, 
which cover its upper surface, are very different. 

Thus, the length of the tongue of the commonest kind of 
tailless ape, (niNJa syhamis) which now lies before roe, is three 
times greater than its breadth. It has three papilla pe^ 
iiotataf or fungifarmeSf at its posterior part, arranged in the 
forib'of a triangle. Before these, and along the two sides of 
the tongue, are about two hundred papilke obtusa?, appearing 
like white grains. These are not all of the same sice ; but 
they may be distinguished from the papilla amictB^ which- 
cover the rest of the tongue's superior sur&ce, much mcMre 
easfly than in the human tongue. 

' f 9SSt. Most of the herbivorous mammalia, particularly 
amoi^ the bismlea^ have their tongue covered with a firm and 
thidE cuticular coat, called epithelium ; which forms number- 
less pointed papillae directed backwards. These must assist, 
acoording to their consistence and direction, at least in the 
annnab of this country, (Germany) in tearing up the grass. 
Animab of the catf kind have their tongue covered with 
sharp and strong prickles, which must enable the animal to 
take a firm hold. Similar pointed processes are found ia 
some other animals ; as in the bai-UndX and the opossum. 

In the tongue of the opossum I have found the centre of 

; — ^ 

* Sm B«ater De lingua Mammalium it Avium, Regiom. 1820. 
i Dtnbcnton, toL iz. teb. 15, of the pmUhgrj fig. 3 of the eat ; tab. 32, fig. % 
3, a£ the lynx. 

t Ibid. Tol. z. fig. 15 of the vm^in, 

FtJhB, ^raeUig. Td. iii. tab. 3, fig. 5, (^ of the vnpfttOte ctphaUiUi. 
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the anterior extremity beset with strong papiUe, rougher than 
Aose which are found ui the oat. 

There seems to be no doubt, that in all the """""^I'f which 
we have now considered, tbe tongue is an organ of taste, at 
least towards its anterior part. 

The toothless animals, on the contrary, as die ant-eater and 
aiaau, which swallow their aliment whole, have a long wonn- 
Uke tongue, which is obviously capable of no other use than 
that of taking their food. 

The tongue of a two-toed ant-eater, which I dissected, was 
three inches and a half long, and no larger than a crov-qnill 
at its root. It was, generally speaking, cylindrical, but marit- 
ed with a scarcely perceptible groove on its superior surface. 
Two very small foramina caeca were found near the root. 
The lingual bone was strong, but not i em » i ka b ly large^ and 
in shape like a horse-shoe. Its noscles, on the contrary, as 
die genu^yoidAi, mylohymdo, and paiticnlarly the genioglossi, 
were remarkably large and strong. 

As we are now considering the tongue in its aS&ee of asHSt* 
ing in taking in the food, this seoas to be the proper place 
for noticing the worm, as it is called, (Iptta) of Uie dog's 
tongue. It is a tendinous fasciculus of fibres runinng length- 
wise under the tongue, as far as its apex, and lying rather 
loose, in a kind of membranous sheadi, without being o 
ed, like a true tendon, to any of the neighbouring i 
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BIRDS. 



{ £88. AH birds possess a tongue, for even the pelican, 
{aneeroialui) ia whidi its existence has been demed, possesses 
a manifest mdinent of the organ. Probably, however, it 
serves die purpose of an organ of taste in very few genera* 
¥et this is the case with some predacious and swimmmg 
birds, as also with most of the pnttaei; which possess a soft 
tUck tongae covered with papillae, and moistened with a sali* 
vasy fluid ; they really taste diiFerent fluids, and soft kinds of 
Ibod^ and select that which is the most agreeable. 
. § SS4. In several other birds, on the contrary, the tongue is 
homy, stiff; not supplied with nerves, and consequently unfit 
for an cargm of taste. One striking example will supply the 
plaoe of many. The tongue of the toucan {ramphastos) is some* 
times several inches in length, yet scarcely two lines broad at 
its root. It has the appearance, throughout, of a piece of 
whalebone ; and its margins are fibrous. 

§ S35. The form* and mechanism of the tongue vary much 
m the diflbrent genera and species of this class. Two instances 
deserve particular notice ; that of the wood-pecker^ and the 
tack of the woods. The tongue of the former bird is gene- 
iilly said to be very long, but it is not so. That part which 
coiresponds to the tongue of other birds, is remarkably short, 
it is merely a sharp-pointed homy portion, with its sides 
barbed. Behind this is a very singular os hyoides, of a slen- 
der appearance, but having very long crura. It consists of 
fiv9 cartilaginoua portions; vie. one single piece and two 
pairs* In the quiescent state of the organ the former lies in 
a fieshy and very extensile sheath of the bill. The first pair 
of cartilages is articulated with this, and they are placed at 
the sides of the neck. The second pair, commencing from 



* See the plates in J. C Schoeffer's Elmtnta Omitholcgiea. Ratisbon, 1774, 
4to. 

t Hdber Dt tkigm Fid viriiU. Stuttg. 1821. 
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these, nin completely over the cranium, under the int^^- 
menta, and advancing from behind, forwards, their conver^ng 
extremities are placed together is a kind of groovy and com- 
monly terminate anteriorly, by an attachment to the right ride 
of the upper jav. Tbb posterior pair of cartiiages. may 
therefore be compared to steel springs, which actuate the 
whole organ. This is an elegant example of the great share 
which mere elasticity possesses in the performance of some 
functions of the animal economy. When the tongue ia to he 
darted out, the anterior pieces are drawn together and enter 
the sheath of the single portion, extended for thor reception. 
The tongue is thus elongated, and admits of being throat tnA 
some inches.* 

The tongue of the cock of the woods ia still more ""gwlnr ; 
that organ, together with the larynx, lies deep in the oesopha- 
gus, but admits of being quickly elevated and thrast fbith by 
means of considerable muscles-i* 

AMPHIBIA. 

§ 236. We shall select a few exampka of the chief varieties 
in this class of animals. 

The croeocfife's tongue (the very existence of wluch has been 
denied from the time of Herodotus down to Haaselqiust) b 
small, possesses very little motion, and is in a manner adhe- 
rent between the two sides of the lower jaw.f The « 
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peeler. Yet its fonn is very different ; for the anterior extre- 
mity of the organ is club-shaped ; and is hollowed out on its 
upper sur&ce.* 

. The tongue of some testudines is thickly covered on its an- 
terior margin with long fibrous papillae.f 

The softy flat, and fleshy tongue of the frog, lies, in a quies- 
cent state, in a direction from before backwards. It is firmly 
attached behind the arch of the lower jaw, and its loose end is 
turned backwards, so that the semilunar notch of its anterior 
margin corresponds to the rima glottidis. They seize their 
prey by turning the tongue forwards, and thrusting it out of 
the mouth. 

The tongue of the chameleon displays a very curious mechanism. 
It is contamed ill a sheath at the lower part of the mouth, and has its 
^tremitv covered with a glutinous secretion. It admits of being 
projected to the length of six inches, and is used in this manner by the 
animal in catching its food, which consists of flies, &c. It is darted 
from the mouth with wonderful celerity and precision, and the viscous 
secretion on its extremity entangles the small animals which constitute 
the food of the chameleon. 

§ 237. The tongue of the serpent is attached and situated in 
the same manner as in Xhefrog^X but it is round and slender, 
its apex is bifid, and the root rests in a kind of fleshy sheath, 
being capable of protrusion and retraction at pleasure.^ 

FISHES. 

S 238. There is little to be said concerning the tongue of 



the works which have been already quoted on the anatomy of this ani- 
mal, tee Hunemy in the Vtrhandelingen van d$ Maattchappye te HaarUm, vol. viii. 
pt 2, p. 228. Dnvemoy, in the Bulletin de la Soe, PfdUm. torn, iii.; and Bfiller, 
iomci AnimaU *t Plantar, tab. 2. 

t I have obaerred this in the t^tudo graea from Mogadore. The fonn of the os 
hyoides in the teitiidines may be seen in Galdesi, tab. 8. 

X Seetzen, in Meyer's TMo^h Arehiv. pt 2, p. 65. 

} AbbUd. Naturhutaritek. Gegenstiinde, pt 4, Ub. 37, in the boa and rattU-^nakt, 
The cnrions os hyoides of serpents, with two cartilaginous portions running along the 
trachea, is reproented by Tyson, Philoi, Tram, vol. ziii. p. 68, fig. 5. 
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tlus and the tiro foBowing dasKi. It ia doubtful whether it 
be >B mgan of taste, and in irhat degree it Brwy lerve that 
purpose.* 

It sppean at least in fishes to possess no mamfest pa[nIlB,f 
and in many of thb class is covered with teedi. 

That which is commonly called the tongne, in some fiihes, 
as tbe carp, is a glandular body attadied to the palate, and 
extremdy irritable in the living animaLit 



} £89. The organ which is commoody considered as tbe 
tongue of insects { merely serves for taking in the fbod.| But 
the accurate observations of professor Knoch,! render it very 
probable that the posterior pair of palpi, or feeler^ possesses 
the power of taste in several of this chss. 



I S40. In the nunith of some moQusca,** and aniuls, an 
organ is found, which has generally, from its utuation, been 
taken for the tongue. But none of tbe observations which 
have been hitherto adduced respecting its Ainctioii% are suffi- 
cientiy decisive to justify us in setting it down as an organ of 



* Sm DnnKii), Mhmirti it Zeelept tt it 
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CHAPTER XIX. 



ON THE ORGAN OF SMELLING. 



§ 24fh The aease of smelling prevails much more extensively 
in the animal kingdom than that of taste, since it not only as- 
sists several genera in selecting their food, which they have 
not afterwards the power of tasting, but is abo of service in 
finding out proper objects for the satisfaction of their sexual 
appetite* Yet there is much doubt respecting the organs of 
this sense in the two classes of white-blooded animals. 

§ 2iSi.* We can determine the degree of acuteness of ibis 
sense by the inspection of the cranium in the four-footed 
mammaGa, (taking the term in its most extensive sense, ih 
which it will hndude the quadrumana and bats). Three cir^ 
cumstances principaDy determine our judgment on this point. 

Is^ The structure of the ethmoid bone, and particularly 
the number and arrangement of those openings in its superior 
or horizontal lamina, which transmit the filaments of the olfac- 
tory nerve. Sndly, The formation of the inferior conchas nat- 
rium, or turbinated bones. 3rdly, The existence and relative 
magnitude of those cavities of the internal nose, particularly 
the firontal sinuses, which contribute to the organ of smelling. 

§ 243. The hedgehog and mole^ the animals of the weMel, 
ieoTf dagf and cat-kinds, most of the bisulca, and the elephanf^ 
afibrd examples of a very complicated formation of the ethmoid 
bone, both in regard to the elegant structure of its cribrifonh 



* F. C. RoieBthal, Diu, de Organo O^actut quimindam Animalium. Jena, 1802\ 
4to ; and GryphUi, 1807. 
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lamella, bimI to the wonderful convolutions of its turbinated 
portions, which procure as large a surface u possible widtin 
the confined space of the nasal cavity, for the application of 
the Schneiderian membrane. All these animals are wellknown 
for the remarkable acuteness of their sense of smelling. 

The ethmoid bone is remarkably narrow, and imperfectly 
developed in most of the guadrmmoMi. As there is not suffi- 
cient space left for it between the orl»ts, which lie close toge- 
gether, {% SI)* it is placed deeper in the nose, so that the ol- 
fiustory nerves descend between the orbital portions of the 
frontal bone, as in a canal, the bottom of which is foimed by 
the cribriform lamella, small and incouuderable, and perfo- 
rated by ffew apertures.t 

The eetacea have no ethmoid bone; and it is a matter 
of doubt what pair of nerves contribute to the function of 
smelling. 

At the time when the author fint publisbed diis work, he, si 
well as other sootomiits, believed that the cetaceous aaimals had no 
olfactory nerves. Blainville and Jacobion, however, believe that 
they have found them in the dofphtn {delpkiina delphu) situated in 
the same part of the brain as in the human auhject. See the BuUetim 
de ia Saditi Philom. 161&, p. 195. Trevintcus has also delineated 
and described them in his Biologie, vol. v. p. 343 ; but Otto aitd Ru- 
dolphi, who have had frequent opportunities o£ jTammiiig the biaia 
^ dofphmt and Greenland whalet, have not been able to detect the 
first pair, and doubt their existence in those k--—-'' 



§ S44. The conchee narwm inferioret are more or less con- 
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cious animials.* They are both large and wonderfully com- 
plicated' in the seal. 

%94f5. The frontal sinuses of the elephant \ are larger 
than those of any other animal ; the pig^ which has an acute 
sense of smelling, comes next in order in this respect. I have 
considered, in a more detailed manner, the structure of these 
carities in several genera and species of the different orders of 
nanimalia in my Prolusio de Sinubus FrontalibuSf Goetting. 
1779, 4to., where I have endeavoured to show, from compara- 
tive anatomy, that their use is to strengthen the sense of 
smieffing, and that they are not subservient to the formation of 
the voice* Most of the mammalia, which possess proper 
horns, have these cavities extending more or less into those 
processes of the frontal bone, on which the horns are formed : 
this structure is particularly observable in the wildgaai (copra 
ibex). They are generally large in the bhulca, the sotidun- 
gulOf and in most of the canuvorous mammalia. They are 
absent on the contrary in the seal, in most of the rodeniia^ 
and the eeiaeea. They receive in the sheep, as is well known, 
the larvsB of the oestrus ovis ; and cases are not very uncom- 
mon in which other insects, particularly the scolopendra elec* 
triea^ have accidentally gained admission into them in the hu- 
man subject,, and have caused distressing and tedious symp 
toms. 

§ 246. The anomalous structure of the elephant's proboscis^ 
or trunk, and the blowing-holes of the ceiacea, must be no- 
ticed here, as these parts constitute prolongations and external 
openings of the nose. 

• The former organ consbts of two canals, separated from 
i^ch other by an intervening partition. Innumerable muscu- 
kr fasciculi, running in two directions, occupy the space be- 
tween these and the integuments. There are fibres of a 
transverse course, passing like radii from the canals to the m- 



♦ Caip. Bartholin, loco citato, fig, 5, 6, of iht hound (eank venatiew). 
t Stvkely, in hU Hut4tnt of the SpUom, p. 101, tab. 5, fig. 9. 
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teguments;* and others, which run in a more lon^udinaLdU 
rection, but have their extreinilies tamed inwardB^t The 
former extend the trunk without causing any contraction of 
dw canals, the latter bend or contract it, and both tend to 
bestow on it that wonderful mobility which it possesses in every 
direction. 

The blowmg hole of the eetaeea is not a peculiar organ, 
diatinct from the nasal openings, as several naturalists have 
imagined, but one and the same with these.]: It does tut, 
however, seem to be designed for an organ of smelting, but 
merely to be subservient to respiration, and to the expuluon 
of the water which enters the mouth with the food.| 

Curier baa giren a more detailed deicriptioD of the elephant's tnmk 
in the last vol. of his t^ont (TAnat. comp. p. 283 — 38B; and has alio 
RprcHnted the part in the 29th plate of the same Tolume. 

The more longitudinal fibres ore divided at abort intervals by ten- 
dinous intersections, which enable the animal to bend any part of the 
organ, and to give it any requisite degree of curvatore. The same 
structure will confer a power of bending different parts of the trunk 
in opposite directions ; indeed there is no kiod of ctuvature which 
may not be produced by these longitudinal fibres. Tbeae &sciciili 
occupy the external surface of the organ. The transverse fibres are 
not all arranged like radii round the canals ; but some pass acraas 
from right to left, and must therefore afiect the diametv of those 
tubes ay their action. The whole of these imucular &scieuli are 
snrrounded and connected together by a white, uniferm, adipose 
substance. The transverse ones are not more than a line in duck- 
ness. If the number of these, which appear on a transversa aectioo, 
be ascertained ; and if tliose portiona of the longitudinal fasciculi, 
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for the rejection of the water which enters with their food. In con- 
sequence of its situation at the top of the head, it is easily elevated 
beycmd the surface of the sea, while the mouth is usually entirely un- 
d^ water. 

The opening in the hones of the head is divided into two hy a pam 
tition of bone, and is furnished with a valve opening outwards. Oti 
the outside of this opening are two membranous bags, lined with a 
continuation of the integuments, and opening extemaUy« The wa- 
ter which the animal wishes to discharge is dirown into the fauces^ 
as if it were to be swallowed, but its descent into the stomach is pre« 
vented by the contraction of the circular fibres of the oesophagus. It 
therefore elevates the valve placed at the entrance of the blowinff« 
holes, and distends the membranous bag, from which it is forcibly 
expelled by surrounding muscular fibres. 

This apparatus occupies the situation which, in other mammalia, is 
filled by the nose, whicn organ, together with the sinuses of the head, 
the olfactory nerve, &c, is entirely wanting in these animals^ 

BIRDS. 

S 247. The nostrils open in the several genera of this claHs 
in very different parts of the upper mandible ; in some, as thef 
jpif^n, {alca arctica) the openings are placed at the roargio? 
of the bin, and are so small, that they might be easily over- 
looked. This may serve as an excuse for the erroneous re^ 
presentation of Buflfon, that several birds are entirely unpro^ 
Tided with nostrils, and that they smell by means of the pala- 
tine openings of the nasal cavity.* 

S 24S. Birds have no proper ethmoid bone ; their olfactory 
nerves pass through the orbits to the nose, and are distributed 
on the pituitary membrane, which covers two or three pairs of 
bony,t or cartilaginous j: conchas narium {bulke turbinatce or 
iubulaUe vesica)^ of various forms and sizes.|| 

The olfactory nerve of birds comes off from the anterior extremity 

* Hutotrt det Oimauj, torn, i p. 13. 

t The crane has rtry large turbinated booea. 

^ This is the caaa in the toncan (ra mf k mttot\ 

§ They arc ezcelletttly described under tius name by Schneider Dt Olt$ Criiri 
farmi, p. I8O4 

I See Scarpa's representation of the nerres of the nose in the gom, turkey, and 
htrm, Df Auditu et Olfactu, tab. 3. 

T a 
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of tbe frontal lobe of the brain, and fats, tberefore, boom analogy 
widi tbe proceuus mamillary of qiudrapedt. It panes alonK a c»^ 
oal to the nose, and is distributed in a very beautiful and £atiDCt 
mannei on the pituitary membrane in many instances, aa in the 



^ 249, The organ of smelling is less dearly developed in 
this class of animals. Yel we discoTer two cartila^ous eni- 
nences, which nay be compared to the conchie of wann- 
blooded animals.* 

. Tbe origin and course of this nerre are much the nme in reptiles 
as in birds. In the turtle it is a large, strong, and fibnuu neire, and 
its lunificstions in tbe nose are eas3y traced. 



% £50. Most of these seem to have double nostrils on each 
ttde, for the openings are furnished with a Talve-Uke moTcable 
membrane, which appears like a partition. It was formerly 
supposed, that this part served also for the oi^an of heaiing 
in fishes ; and this erroneous opinion has been revived even 
in modem times, but it cannot be necessary to re&te such on 
absurdity now, 

1 351. Behind these opciungs is generally found, instead of 
conchse narium, a very elegantly plaited membrane, disponed 
in Bemlcirculai folds, and having the ol&ctory twrvea ^stri- 
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insects can distinguish the odorous propertiA of bodies even 
at considerable distances. But the organ in which this sense 
resides has not hitherto been clearly pointed out.* 

Since all red-blooded terrestrial animals smell only through 
the medium of the air, which they take in in inspiration, seve* 
ral naturalists have supposed, that the stigmata of insects are 
to be considered as -organs of smelling.f Others ascribe this 
office, and with some probability, to the anterior pair of 
palpi.t 

VERMES. 

§ 25S. Severa animals of this class appear to have the 
sense of smelling, as many land-snails (helix pomatiOfi &c). 
But the organ of this sense is hitherto unknown ; perhaps it 
may be the stigma thoracicum. 

— ^ — ^ . . _ _ _ _ __ — 

Some detached remarks on the organ of smdliog, in particular fishea, are given 
by Mofgagni in his Epia. AnaL p. 350. Padua» 1764, fol. 

^ Rosenthal, Hbtr dtn Gerudmnn der Inttcten im Arekh, fur PhyiioUigit, p. 437. 
Ramdflhr, Uber die Organg det Gtrueht dtr gemwien BUm, in the Mag, dgt 
Birlin. In. Gesell. yol. v. p. 386. 

t This was the opinion of S. Reimanu, uber die Tribe der Tkiere, p. 308, ed. 
3rd. See also Dnmeril, in the Magasin Encychpedique, an 3, torn. ii« p. 435. 

I Knoch, in his BeytrHge sur Jnteetenkunde, p. 32, tab. 1, fig* 8 ; and tab. 8, 
if. 9, of the teatabena fritehii, and eatobui %imcolar, 

i Swamincidaniy p. 110. 
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They are not met with, for instance, in most of the seals, in 
the walrus, mafuUi, duck»billed aninud, {omithorhynchus) and 
mole. On the contrary, some have been said to want exter- 
nal ears, who really possess thwi, as the marmota or mus ciiil^ 
kts. Another error has been committed, in representing the 
ears of a species of bai belonging to this country, (Germany) 
(vespertilio auriius) as double : whereas they are only of i^i 
immense size. Stall more erroneous is an observation of 
Haller ; that these ears are to be considered as an accidental 
monstrosity. The essential parts of the external ear agree on 
the whole with those of the human subject ;* but their general 
form is sulgect to great variety. In very few, except the 
fm»dninuma, do they resemble those of man ; but this is the 
case in the porcupine. The cartilage is stronger, and more 
clastic in its structure in the human ear than in that of any 
O^er animal,^ in proportion to its size. In some instances, a^ 
in the cpossum, (didelphis marsupialis) the ears are merely 
membranous. 

§ 256. The external auditory passage is furnished with $. 
valve in such animals as go frequently into the water, by 
which they can close it when they dive. The water-shrew 
(sorex /odiens) affords an example of this structure. Th^ 
l^qgth, breadth, and direction of the meatus vary considerably 
in the different genera. It is very long and singularly tortu- 
ous in the duchbiUed animal.'f 

The cetacea are the only mammalia which have not a bony exter- 
nal meatus. The tube is cartilaginous in these animals, and so small 
thut its external oriQce will about admit a pin in the dolohin. It ar- 
rives at the tympanum after a winding course through the fat, which 
lies under the skin. It is probable that the sound gains admission to 
the ear in these animals, rather through the Eustachian tube than 
through this very narrow meatus extemus. That tube opens at the 
blowing hole, and is furnished with a valve that prevents the admis- 
sion of the water, which the animal expels through this opening. 

§ 257. It is hardly necessary to state, that all mammalia 



* The Mmltu of the external ear howerer it found in no animal bat man. 
t Home, in the PhUm. Tmu, 1803, pt. 1, p. 70. 
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% 260. Warm-blooded quadrupeds haye, like the human 
subject, three* ossicula audiius ; which on the whole resemble 
in form those of man. But the ducked-biUed animal, whose 
structure in every respect is so anomalous, has only two ;i- and 
tm the contrary, one or two additional small bones are occa- 
sionally found, particularly in some bisulca.X 

The foUowing is the passage to which the author refers as express- 
ing his opinion on this subject. " Anatomists generally describe a 
fourth bone (the Uniicvlvs, or os orbicvlare) as intervening between the 
long leg of the incus and the head of the stapes. Repeated and accu- 
rate examinations have convinced me that this part is only an epiphy- 
sis of the incus. It is often wanting, even in such ossicula auditus as 
appear in other respects to be of the most perfect formation ; for in- 
stance, in those of neffroes and North American savages, which I 
have now before me. When it exists in the adult subject, it can only 
be separated by the employment of some force ; and a microscopi- 
cal examination of the surfaces shews that the lenticulus has been 
broken from the incus. S6metimes, indeed, t have found a really 
-separate ossiculom between the incus and stapes ; but this cannot, in 
my opinion, be considered as belonging to the ordinarv natural 
structure, any more than those other supernumerary ossicula, which 
lare found not unfrequently both in man and animals." Beichreibimg 
d€r Knochen^ p. 144. . 

Cuvier describes a portion of bone as passing between the cnira 
of the stapes, from one side of the fenestra ovabs to the other, in the 
mxAc and marmot^ (in which last animal it is of considerable sise). 
Ve^OM d^Anai. comp, p. 489, tom. ii. Mr. Carlisle has represented 
this part in the tnamtot, and he states its existence likewise in the 
gmneafig. (Philos. Trans. 1805, pt. 2.) 

Cnvier has also found that the stapes is nearly solid in the ce/o- 
eea ; and that there is no perforation in the walrus. This peculiarity 
-of stmcture seems to belong to such mammalia as live in water ; finr 
the seal has it in a smaller degree. Ugons d'Anat. comp, tom. ii. p. 



* That the Untieulut, or fourth bone, is only a process of the incus, I have already 
'diewn in my GetehieU und Beteh, der Knoehn det MenMch, Korpers, p. 155. 
' See Sir A. Carlisle's excellent paper on the physiology Of the sUpes, in the Phil, 
Trans. 1805. 

t Home, locoeitoio, 

t Adsir, in Cowper's Myalamia rrftfmaUu Lond. 1694, Svo. p. 70, fig. 9. 
Teichmeyer, FMIcur f^kommdam Invsnimam Awtomdontm. Jews, .1727-4, 
fig. 5. 
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BIRDS. 

§ 263. This whole class,* as well as the following ones, has 
no cartilaginous external ear, which belongs, therefore, exclu- 
flifely to the mammalia. This apparent deficiency is com- 
pensated in birds, particularly in those of the rapacious kind, 
by the regular arrangement of the feathers round the open- 
ing of the meatus. Several also, chiefly of the last men- 
tioned class, and particularly among the owls, have a peculiar 
Tslve placed at the opening, partly of a membranous, pardy 
bf a muscular structure.-f 

§ S64^ The membrana tympani of birds is convex on ks 
outer surface ; and the tympana of the two ears are con- 
nected together by the air-cells of the cranium.:|; 

They have a single ossiculum auditus, connecting the mem- 
brana tympani with the fenestra ovalis, and consequently sup- 
plying the place of the malleus and stapes of the mammalia. 

Tlie part corresponding to the malleus, is generally cartila- 
ginous, and not provided with any tensor tympani. 

The Eust^Han tubes have a kind of common opening on 
die arch of the palate. 

§ 265. The labyrinth is distinguished by large canals, pro- 
jecting firom the cranium, and not hollowed out of a hard bony 
substance, as in most mammalia, and by the want of cochlea. 
Instead of the last-mentioned part, birds have a short, obtuse, 
and hollow bony process, passing obliquely backwards froita 
the vestibulum ; and divided by a partition, like the cochlea of 
mammalia, into two scake^ one of which terminates at the fe- 



* On the organ of hearing in this class, see Allen Moulins, in the PhiU/t, Tnmu 
vol. zvii. p. 712. Vicq d'Asyr, in the MSm. d$ VAcad. det Seieneei, 1778, p. 881. 
Scarpa De Structura Fenutrm rctundm Auris, p. 101, and Ih AudUu, Galvani, in 
the Ccmmen. JnttU. Bonon. torn. vi. p. 420. CompaTetti, tab. 2. Of the pnda' 
rioHt bird*, the dimmtie fowl, and the tparrow, 

t Klein, Stemmota Awtm, tab. 10, fig. 2. Comparetti, tab. 2, fig. 2, he com- 
pares this part to the concha of the human ear. 

t Sir E. Home has obienred tbe-swpw hind of coop^iu^cttion, by the meeae of 
the. cells of the craniam, in the elephant. 
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bUmd^oarm,* {anguis fragiUs) have neither tympanum nor 
Eustachian tube. They have a kind of rudiment of ossiculum. 

FISHES. 

% 269. It is only in some genera of cartilaginous fishes^ viz. 
the skaie and sharks and lampreys^ that a tubular appendix of 
the vestibulum is continued backwards and outwards, so aa to 
represent a rudiment of a tympanum. 

§ 270. Much light has lately been thrown on the organ of 
hearing ia the bony fishes by Professor Weber.t They pos- 
sess near the anterior cervical vertebras considerable ossicular 
which may be compared to the malleus, incus, and stapes ; 
and in those which are provided with a swimming bladder, 
these bones are so connected with that organ as to render it 
probable that it is auxiliary to the sense of hearing. 

§ 271. Their internal ear consists of three large canals^ 
which are generally seen to project into the cavity of the 
Gnauum4 Opposite to the termination of the auditory nerves 
OQ the vestibulum, one, two, or three neatly formed stones 
are found. These are as white as porcelain, particularly in 
several of the bony fishes, and very dry and brittle in their 
texture.§ 

§ 272. The internal ear of fishes is distinguished from that 
of the other three classes of red-blooded animalsj^by this 
remarkable peculiarity, that it grows as the fish increases in 
size, and consequently that its magnitude is in the direct 
ratio of the bulk and age of the animal. 

* Scarpa, loco duto, p. 26. 

t Weber, in the work above cited, p. 28. 

X See Klein, Mantitta Jchthfolcgiea. Lips. 1746, 4to. 

Kblreuter, in the Nov, Comment. Acad, Petrop, tonu xvii. p. ^21. Of the sturgeon 
and beluga {adptnter ttwrio and huto). 

Camper*! KUin€ Sdtriften, voL L pt. 2» tab. 2, of the cod ; Tol. ii. pt 2, Ub. 1-3 
of the frog-fifb, (tapfuMi pucatormt) pike, and ikate. 

The organ it delineated in aeroal fiibes, in the work of Comparetti» tab. 3 ; in 
Scarpa, Ub. 1, 2, 4 ; and in Monro's two worka. See alio J[. Hunter's Qbtorvationt 
on the Animal Economy, p. 09- 

§ Klein, Hist. Pitcium, pt. U tab. 2. . 
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CHAPTER XXI. 



ON THE EYE. 



§ 275. A SENSIBILITY* to the impressions of light is common 
to all those animals which, in a natural state, are exposed to 
this element: it appears at least very evidently to exbt in 
some of the most simple zoophytes^ as the armed polypes 
{hydra): but the power of perceiving the images of external 
objects is confined to those who are provided with eyes for 
the reception of those images. Nature has bestowed on 
some species, even of red-blooded animals, a kind of rudiment 
of eyes which have not the power of perceiving light : as if in 
compliance with some general model for the bodily structure 
of such animals. This is exemplified in the proteus ;f in the 
blind rat, {marmoia iyphlus) among mammalia; and in the 
myxine gbUinosa, among fishes. 

§ 276. Since the eye j: is a very complicated organ, parti- 
cularly in the red*blooded animals, we shall first speak of 



* Much iiiibfmttioii on the svbject of this chapter is to be found in Rvdolphi's 
Onrndritt der Ph^mologU, toI. ii. pt« 1. Berlin, 1823. 

t G. R. Trevinnns, in the woik above cited, %, 319. 

t See fiidloo, D« Oculit et Vim variorum Animalium, Lugd. Bat 1715-4. 

Zinn D« Differentia Fabricet Ocuii Hummm et Brutorum, in the Comment* Soeiet, 
Hog, Scient. Getting, torn. iT. 1754, p. 191 ; and in the Comment. Antiquior. 1778, 
p. 47. 

V^. Porterfield On the Eye. Edinb. 1759, 2 Tols. 8vo. 

Haller, in the Opera Minora, torn. iii. p. 218. 

U H. T. Schreger's Vereuek einer vergUichenden Anaiomie des Auget und der 
Thronenorgane, Leipz, 1810. 

Schieger's Anakht der Augen duireh aUe Thierelatten, in the Abhandhtng der Phy- 
sik. Median. SoeiH, ni ErUmgmi. 
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tfarougliout of equal strength; but that its posterior is much 
thicker than its anterior part. It has also been conjectured, 
that this structure might influence vhAt are called the intemal 
changes of the eye; by which the form of the eyeball, conse- 
quently the length of its axis, and the respective situation of 
the lensy are adjusted according to the proximity or remote- 
ness of the object, or in reference to any other relations. I 
flatter myself that I have ascertained the truth of thi» conjec- 
ture, by discovering the admirable structure of the sclerotica 
inwami^blboded quadrupeds, which have not only the po^er 
of seeing at various distances, but also in two media of siich 
difl^rent density, as air and water. In the eye of the Green^ 
land seal, where I first noticed the fact,* the cornea was thin 
(uid yielding; the anterior segment of the sclerotica, or that 
which is immediately behind the latter membrane, was thick 
and firm; its middle circle thin and flexible; and lastly the 
posterior part very thick, and almost cartilaginous. (Platb 
VI.) The whole eye-ball is surrounded with very strong 
musdes, and we can easily understand how their actiortj varied 
according to circumstances, produces the requisite changes; 
how the axis of the eye is shortened, when the animal sees in 
air, by bringing the lens nearer to the back of the globe, in 
order to obviate the strong refraction which the rays of light 
experience in passing from the thin medium of air into the^ 
thicker one of the eyes, and vice versa. 

The scleirotica of the cetacea is distinguished by the great 
thickness of its posterior part; when the eye-ball equals an 
orange in size, the back of this membrane is an inch thick ; 
so that, although the globe be spherical, thd space containing 



* Commmd, Soe, A«^. vol. vii, an 1784. Dr, Alben has ditcoYered the same cir- 
cmnstances in the eye of the waUtis» (trtcAccus rwrnanu^ and has refuted those ob- 
jections which. have been made to the assigned object of this stmctnre, from the ob- 
servation of some slight resemblance to it in the eyes of certain land animals, as the 
horse, &c. See the G'Mting, gdtrhte AnxBtgen d§r physkaL Mediein, Soei§i. xu 
Erlangen, 1803, p. 601. 

And especially Somnicnng» Dtoeulcr, Hominit AnimaHumque uctkmt koruonUH 
eommentatio. Gutting. 1818. 

U 
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and in several other mammalia and birds. I know, however, 
no instance of an albino among coId-Mooded animals. This 
anomalous deficiency is always congenital, and is connected 
whh a want of the colouring principle of the skin, and of the 
hair and featliers. It is hereditary in some mammalia, so as 
to form a constant breed of white animals, viz. in the rabbity 
mouse, and horse, (which latter are those called glass-eyed)* I 
cannot believe that any whole species of warm-blooded ani- 
mals should originally want this pigment, and therefore I 
consider the ferret {mustela furo) to have descended from the 
polecat (m. put&rius).* 

The tapetiim occupies the temporal side of the bottom of the eye* 
ban ; i. e. it is placed exteriorly to the entrance of the optic nerve. 
It exists in the carnivorous and ruminating animals ; in the solipeda, 
pachydermatat and cetacea. In the dog, wolf, and badger, it is of 
a pure white, bordered by blue. 

§ 280. The reiinai' exhibits in some quadrupeds, viz. the 
hare and rabbit, very distinct and elegant fibres or striae of 
medullary substance, taking for the most part a transverse 
directipn.j: The remarkable ybrame/i cetUrale, which Som« 
mering discovered in the human retina, has been since de- 
monstrated in the eyes of several quadrumana, where these 
organs are directed forwards, and have their axes parallel* 

I have found it, for instance, very plain in the eye of the 
common Barbary ape {simia sylvanus). The entrance of the 
optic nerve formed a small yellow circle on the retina : near 
this a larger grey fold appeared, with the foramen centrale in 
its middle. 



* I have treated at greater length on the want of this pigment, which is so essen- 
tial a part in the natural structure of the eye, in the Commmt, Soe. Reg. Sci§nU vol. 
vii. p. 29 'f and in the third edition of my work, De Generii Humani VarietaU Nativa, 
p. 272. 

t For many observations on the retina, especially in animals of this country, 
(Germany) see Wantzel, in Isen6amm's and Rosenmiiller's Beitragen, voL L p. 
157. 

t Zinn. loco citat, tab. 8, fig. 3. Fontana Sur le Venin de la Vip^re, vol. ii. tab. 
5, fig. 12. 

u 2 
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The pupil in the bisulca^ soUdungula^ cetacean &c. is trans- 
verse ; in animak of the cai kind, particularly in a clear ligh^ 
it is oblong: not to mention other trivial peculiaritieSi as the 
small villous appendix, covered with pigmentum nigrum, which 
is sometimes seen on the middle of the superior margin of the 
pupil, particularly in the horse. The pigmentum nigrum has 
a brown colour, in the eye of a white horse which is in my 
collection ; while the other parts of the same eye, which in 
horses in general are black, have only a slight greyish brown 
tinge. Swammerdam, in speaking of the remarkable curtain 
of the pupil, which is found in the skate, says he has discover- 
ed a similar part in the horse. If he does. not allude to any 
unusual formation, but merely to such appendices as I have 
mentioned, the comparison is certainly too far fetched.* 

The figure of the pupil is transversdy oblong in the ruminating 
animals and the horse ; it is heart-shaped in the dolphin. 

i 28S. The corpus ciliare, and particularly the folds of its 
internal surfiEice, with their numerous and elegantly arranged 
blood-vessels, constitutes one of the most wonderful parts of 
the eye, although its functions, which must undoubtedly be of 
the highest importance, are hitherto involved in mystery. Its 
more minute differences in the genera, which have been hi- 
therto e:i^mined, are too numerous to be recounted ; and they 
could not be understood without delineations.t Among other 
instances, those of the elephant and horse may be mentioned, 
on account of the remarkable beauty And delicacy oC their 
structure. 

§ 288. The size of the crysfdUine lens varies in proportion 
to that ot iAie vitreous humour 4 and sometimes very consider- 
ably. I have found the largest lens in thia point of view in 
the comparatively small eye of the opossum ijdidelphis marsu^ 

• Biblia Naturtt, p. 881. 

t Much information may be gained on this aabject from Jac Hovius De Cireulari 
Humorum Motu in Ocutit^ ed. 2. Logd, Bat. 1716, 8vo. This work, however, 
is in some parts unmtelligible, and not to be depended on ; and most, therefore, be 
consulted with caution. 
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puncta lacrymaRat and the elephant has neither lacrynud 
bag nor ot unguis.* 

In addition to the lacrymal gland, several mammalia have another 
hod]r» caUed iheglandula Harden. This is situated nearer to the nose, 
and pours out a thick whitish fluid near the third eyelid. It joint 
the proper lacryraal gland in the hare and rabbit ; hut is distinguished 
hy Its whiter colour. The ruminantia^ camivora, and pachydermaia, 
have ft hkewise. 

The ducts of the lacrymal gland admit of very easy demonstration 
in the larger quadrupeds, where they open (o the number of sixteen 
or more, by orifices that will admit a large bristle. 

The hare and rabbU have, instead of puncta lacrymalia, a sHt open- 
ing into the lacrymal canal. 

The cetacea want the lacrymal apparatus entirely, as their eyes are 
preserved in a moist state by the element in which they live. 

The moscles of the eye-ball are the same in number in the simia as 
in roan : but other mammalia possess an additional one, termed the 
9U$pentorius oculi. 

This muscle is of a conical form. Its origin, which takes place 
from the margin of the optic foramen, represents the apex of the 
cone ; and its insertion into the posterior half of the sclerotica, con- 
stitutes the basis. It fills up therefore the interval left between the four 
recti, and surrounds completely the optic nerve. In several of the 
eundvora and the cetacea it is divided into four portions ; so that 
these animals may be said to have eight straight muscles. It mutt 
enable the animals which possess it to draw the globe back into the 
drbit ; and hence it has sometimes been called ue retractor of tbt 
eye. 

A remarkable peculiarity occurs in the conjuncdva of the zemni, 
(mitf ijfphlui). It it covered with hair as in other parts of the body, 
to that the eye, which is indeed exceedingly small, seqms to be com* 
j^etely useless. A similar structure is also found in two fishes, the 
SNirena eecilia and myxine glutinosa (gastrobranchus C4ectu, Cuvier)* 
Legom d'Anat* comp^ tom. ii. p. 394. 

$885. Hie nictitating membrane, {membrananicikanSjpaU 
pebrOf teriia, teu uUema^ periophthalmium) of which only a 
rudiment exbts in the quadrumana and the human subject, is 
very large and moveable in some quadrupeds.t This is the 
case in animals of the cat kind, in the opossum^ the ieai, and 
particularly in the elephant. 



"> Camper, (Euxiret, torn. iL p. 198, wkere ke tlio stales that this animal has no 
lacrymal gland, nor passage for tlie' te^ into the nose. 

t Tabarraai* in the Aui di Sienm, torn. iii. p. 1 15. 



ON THE EYE. 297 

Thus I have found the boundaries of the choroid coat and iris 
very clearly defined in the horned owl {strix bubo) ; and those 
of the margin of the retina, and the posterior border of the 
ciliary body very distinct in the toucan {ran^hastos tuca^ 
nus). 

The ciliary processes of birds are not very prominent ; they con- 
sist rather of striae than of loose folds. They are always closely 
connected to the crystalline capsule. There is no tapetum in this 
class. 

The colour of the iris varies in the different species of birds ; and 
in many instances possesses great brilliancy. It has a power of vo- 
luntary motion in the parrot. 

The retina passes obliquely through the sclerotica, in a sheath of the 
latter membrane. 

§ 290. A great peculiarity in the eye of birds consists in the 
marsupium^ (pecten plicatum ; in French, la bourse, le peigne) 
the use of which has not hitherto been very clearly ascertained. 
It arises in the back of the eye, proceeding apparently through 
a slit in the retina ; it passes obliquely into the vitreous humour, 
and terminates in that part, reaching in some species to the 
capsule of the lens. The figure of its circumference is a trun- 
cated quadrangle. Numerous blood-vessels run in the folds of 
membrane which compose it ; and the black pigment by which 
it is covered, suggests an idea that it is chiefly destined for die 
absorption of the rays of light, when they are too strong or 
dazzling. Others believe that it serves in this class for the in- 
ternal changes of the eye ; but Crampton has contested this 
opinion, and described a peculiar circular muscle in the eye* 
ball of the ostrich, and several large birds, by which these 
changes are efiected.i* 

$ 391. Birds have large lacrymal passages which terminate 
on the surfitce of the palate.:|; 

* See a neat delineation of the internal parts of the eye in the oq;>re7, (fateo om- 
fragut) by D. G. Kieaer, D« Anamarjifuiti OeulL Goetting. 1804, 4to. tab. 2, fig. 1. 
The whole dissertatbn containa mrch instructiye matter on this labject. 

See also J. A. Hegar Dt oeuU partUmt qinbu»dam* Gotting. 1818. 

t In Dr. Thomion't AntuUi ef PkUmphy for March, 1813. 

t Monro, Obarvationt AnatomiMl and PhytioUtgicml, Edinb. 1758| 8to. 
Albert, loco citato, fig. 1, % 
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the globe ; and its own elasticity will restore it to its former situa- 
tion. 

AMPHIBIA* 

§ S92. Little is hitherto known concerning the peculiarities 
in the structure of the eye of this class.* 

In some reptiles and serpents of this country, (Germany) the 
common integuments form, instead of eyelids, «. kind of firm 
window, behind which the eyeball has a free motion. 

In the green turtlef {tesiudo my das) the sclerotica has a bony 
ring at its anterior part, composed like that of Inrds^ of thin 
osseous plates. These animals possess very large lacrymal 
glands, and a very moveable membrana nictitans; in which 
circumstance the frog resembles them.): 

The ciliary processes are hardly perceptible in the turtle ; but they 
leave an elegant impression on the surface of the vitreous humour. 
They are distinct and long in the crocodile. The blood-vessels are 
visible on the surface of the iris ; where they form a distinct plexus in 
the crocodile. 

The optic nerve forms a tubercle within the sclerotica ; from which 
the retina commences. 

The number, &c. of the eyelids varies considerably in this class. 
Serpents have none. The turtle and crocodile have three like didse 
of birds. The frog and toad have three ; of which the third is much 
the largest and most moveable. 

The turtle has a very large lobulated lacrymal gland. Serpents 
have nothing of this kind. 

FISHES. 

S 293. The peculiarities in the eye of fishes,§ which bekng 



la the Mim, ds VAcad. da Sckucet, 1737, p. 142. 

f Albera, in the 23tafcK^m 4br ilXnf. IV JittfuAtn. 1808. 

X Caldeii Ommmimd mUU Tedudud, tab. 8. fig. 11. 

$ Good delisestioDt of the iateroal ilractaie of the eye of fiihee are still wanting. 
The best which I know of are bf GmeneUon* of theos^rt'cgre; but they are ten- 
tained in a book whcare one ihodd not nmch oqpect to find them, ^ii. in 3ajle'i 
Now»lUt d$ U B$inMMfu$ dn LtUm, March, 1086, p. 328. See also Albeit, in 
the work above cited; and Rosenthal, in the 10th toL of the Aretdvet fkr Phftbfo- 
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phibia ;* the articulation of the globe on a stalk of cartilage in 
the skate and shark if the curtain {operculum pupiUare) in the 
eye of the skate,;]: which can be let down so as to cover the pu- 
pil : and the unique structure of the lobiiis anableps, where 
the cornea is divided into two portions, and there is a double 
pupil with a single lens.§ 

The continuation of the conjunctiva'over the cornea admits of being 
demonstrated in the eel. For it comes off sometimes with the rest 
of the skin of the head in stripping off the integuments of this ani- 
mal. 

The organ of vision exists only in one class of animals, without 
exception, viz. in birds. In mammalia there are two instances of 
complete blindness, one in the blind moitse (spalax typhlus. Pall. Mu$ 
typklusy L.) and the other in the golden mole (chrysochlorus, sorex otr- 
reus). Among amphibia the proteus anguinus has small eyes covered 
over with a transparent membrane, through which it has merely the 
powers of perceiving light, without being able accurately to distin- 
guish objects. Among fishes the hag-fish (gasirobranchus cetctu rnvx- 
ine ghitmoMa^ Linn.) is said to have no trace of the organ of vision, 
and in the blind murena no traces of the eye can be seen externally, 
but beneath the skin rudiments of this organ may be detected* 
Among insects there are several species of beetles which live in the 
nests of ants, and are nourished by them, that have no eyes ; further 
there is a species braula, very nearly allied to the dipterous insect, 
and which five parasitically on bees, in which no eyes have been de- 
tected. There are also some species of anis, as the formica contracia 
and formica ccsca^ in which the organ of vision is wanting. In Lin- 
Qseus's class vermes^ the cephalopoda are provided with eyes ; the ex-' 
istence of the organ of vision is also ascribed to the gasteropoda^ 
which Rudolph], however, is disposed to doubt. In snaiU the eyes 
are placed at the extremities of the tentacula. In the remainmg 
molluBca the eyes are certainly wanting. 

- — - — - — — — — 

* Alihildungen natur-historueh. Gegenstande, pt. 6, where the part it represented in 
the ottracion bictupia, 

t Stenonis Specimen Elementar, Myologitr, tab. 5, fig. 1. 
Goyeau, in the Mereure de France, Dec. 1757, p. 130. 
Perrault, Essais de Phytique, torn. iii. tab. 1, fig. 4. 
Radkin, in Abel'i Jeuney m the InUrior ef Ckkia, p. 388. 

t Stenonis De Mmculit et Olandulit, p. 88. Camper, in the t Uw u irm prHenth i 
VAcad, dee Sctencet de Parte, torn. vi. tab. 3, fig. !• 

$ Seba Tfiemur, Rer, Nahtnd, torn. iii. tab. 34. 

Camper, in the German translation of Monro's PhyeioL of Fidia, p. 165. 

Laoe^e, in the Mim, de PItatSha. Natumal, torn. iL p. 873. 

Schneider, in the 4th toI. of Ae Keue Sehriften dcr Katwf, Oeeelli, su Berlin, 
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is thin. In the cetaceous animals the sclerotic increases in thickness 
from before to behind ; in the whale it is sometimes more than an 
inch in thickness. Also in birds the sclerotic becomes thicker at its 
posterior portion. 

The iris, which presents great varieties of colour in the mammaliai 
and which is for the most part dark coloured in wild animals, is re« 
markable in birds for the diversity and beauty of its hues. In the afw- 
pAt^ta, and still more inJUhes, it has a shining metallic hue, resembling 
silver or gold. Rudolphi has not besn able to detect muscular fibres 
in the irides of any animals. 

The pupil is round in the quadrumana, and in some carnivorous 
aiumals ; m the hyana and the cat genus, it is perpendicular ; in the 
ruminantia^ solidungula, tnuUtmgula^ and cetacea, it is horizontally si- 
tuated. In the horse genus, and several of the ruminantia, the iris is 
furnished on both edges, or at least on the inferior one, with small 
round processes strongly tinged with pigment. In birds the pupil, 
without exception, appears to be round ; and also in tortoises and /t- 
tards, as the lacerta viridis, agiliSf &:c. In crocodiles and serpents, it is 
vertical. The pupil of fishes is round ; and in the ray it is provided 
with a peculiar process coming from its upper edge, by which it is 
capable of being closed. 

The ciliary processes are developed in mammalia, birds, and some 
of the amphibia. Cuvier has not been able to detect them in the conr- 
mon lizards, or in serpents. They exist also in the shark, and though 
Cuvier denies their existence in all bony fishes, they are very visime 
in the tunny, and Treviranus has observed them in the sturgeon and 
the si^on. In the cephalopoda they are deeply imbedded m aldnd 
of sulcus in the lens. 

The three humours of the eye exist, without exception, in all the 
▼ertebrated animals; the aqueous humour exists in a very minute 
quantity iajishes, while it is most abundant in birds. The crystalline 
lens is spherical in fishes, and approximates more or less to this 
form in all aquatic animals, as the crocodile, the cetacea, the seal, 
water-rat, and in aquatic birds. The few serpents whidi so into 
the water, as the coluber natrix, have also a spherical lens. In the 
chameleon the lens approximates to a spherical form ; in land birds, 
on the contrary, it is flat. The vitreous humour is» according to 
Tiedemann, of very slight consistence in birds ; but to this remark 
there are many exceptions. It exists in small quantity in all ani- 
mals ; fishes, however, possess most of it. 

INSECTS. 

§ ^8. Two kinds of eyes, very dissimilar in their structure, 
are found in this class.* One sort is small and simple (siemmata) ; 



* M. de Serres Sur /et Yeux eamptit et In Yeux Ima de» Itueetm, Montpell^ 1813. 
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Yet there are still some doubts respecting the uses of these 
two kind of eyes ; - for some complete animalia subterranea^ as 
the gryUus grylloialpa, have both kinds. 

VERMES. 

$ 301. The cuitle-JUh only, of this whole class,* has been 
hitherto shewn to possess true eyes ; the nature of which can- 
not be disputed. They resemble on the whole those of red- 
blooded animals, particularly fishes ; they are at least incom- 
parably more like them than the eyes of any known insects ; 
yet they are distinguished by several extraordinary peculiari- 
ties.t The front of the eye-ball is covered with loose mem- 
branes instead of a cornea ; the iris is composed of a firm sub- 
stance, which seems like a continuation of the sclerotica ; and 
a process projects from the upper margin of the pupil, which 
gives that membrane a semilunar form. 
- The corpus ciliare is very completely formed. 

In all other vermes the eyes are entirel/ wanting, or their 
existence is yery doubtful. Whether the black points, at the 
extremities of what are called the horns of the common snail, j; 
are organs which really possess the power of vision, is still 
problematical. § 

* Cams lAMmch der ZoaUmit, p. 67, tab. 4, fig. 2, 9. 

t 8wtmmenlam» tab. 52, fig. 2. 

X Ibid. tab. 4, fig. 1, 8. 

$ Meckel'i ArckiT. vol. ▼. p. 206. 

J. Lauchs, in his NaturgtkhkU der Achmehneche, Neuemb. 1820, p. 20* 
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red, in any particular instance, by comparing the skeleton of 
the animal with that of man. The similarity is greatest, on the 
whole, in the quadrumana,* Yet these are distinguished by 
the smallness of their buttock and calf of the leg ; the strength 
and convexity of which parts constitute peculiar beauties in 
the human form.f 

The differences which we discern in the muscles of the lower ex- 
tremity between roan and the other mammalia, arise out of that charac- 
teristic feature, which so strikingly distinguishes man from all other 
animals, viz. his erect stature. An accurate examination of this sub- 
ject will shew us that the erect position belongs to man only ; and 
that the well known passage of the Roman poet is not merely distin- 
guished bv the elegance of its diction, but confirmed by the results of 
physiological investigation. 

Plronaqne cvm spectent animalia cetera terrain, 
Os homiDi sublime dedit ; coelumque tueri 
Jussit ; et erectos ad aidera toUere vultus. 

In order to enable any animal to preserve the erect position, the 
following conditions are required : 1 st, that the parts of the body 
should be so disposed as to admit of being maintained with ease in a 
state of equilibrium ; 2ndly, that the muscles should have sufficient 
power to correct the deviations from this state ; 3rdly, that the centre 
of gravity of the whole body should fall witliin the space occupied by 
the feet ; and lastly, that the feet themselves should have a broad 
surface, resting firmly on the ground, and should admit of being in a 
manner fixed to the earth. AJI these circumstances are united in the 
necessary degree in man only. 

The broader the surface included by the feet, the more securely 
will the line of gravity rest within that surface. The feet of roan are 
much broader than those of any animal, and admit of being separate 
ed more widely from each other. The sources of the latter preroga- 
tive reside in the superior breadth of the human pelvis, and in the 
length and obliquity of the neck of the femur, which by throwing the 
body of the bone outwards, disengage it from the hip-joint. 

The whole tarsus, metatarsus, and toes, rest on the ground in the 
human subject, but not in other animals. The siroiae, and the bear. 



See alio Landieer's Engravings <f Lima, Tigtn, Panthen, and Leopards. Lond. 
1823 'f a work distisgiiished by the beauty of its execution, and exhibiting 
nuMt striking illustrationt of eharaeter and aqpremon in the nobler camiTorous 
animals. 

* Lordat Sur VAnatomie du Singt Vert. p. 42. 

t Aristotle D$ PartUms Ammdium, A, la 
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to complete the view of the subject. The breadth of the human pel- 
vis affords a firm basis on which all the superior parts rest securely ; 
the same part is so narrow in other animals, that the trunk represent? 
an inverted pyramid ; and there must consequently be great difficulty 
in maintaining it in a state of equilibrium, if it were possible for the 
animal to assume the erect position. In those instances^ where the 
pelvis is broader^ the other conditions of the upright stature are ab- 
sent ; the bear, however, forms an exception to this observation, and 
consequently admits of being taught to stand and walk erect, although 
the posture is manifestly inconvenient and irksome to the animal. 

The perpendicular position of the vertebral column under the cen- 
tre of the basis cranii, and the direction of the eyes and mouth for- 
wards, would be as inconvenient to man, if he went on all -fours, as 
they are well adiqpted to his erect stature. In the former case he 
would not be able to look before him ; and the great weight of the 
head, with the comparative weakness of the extensor muscles, and 
the want of ligamentum nuchas, would render the elevation of that or- 
gan almost impossible. 

When quadrupeds endeavour to support themselves on the hind 
extremities, as, for instance, for the purpose of seizing any objects 
with the fore feet, they rather sit down than assume the erect posi- 
tion. For they rest on the thighs as well as on the feet, and this can 
only be done where the fore part of the body is small, as in the simur, 
the sqvirrclt &c. ; in other cases, the animal is obliged also to support 
itself by the fore feet, as in the dog, cat, &c. The large and strong 
tail, in some instances, forms as it were a third foot, and thereby in- 
creases the surface for supporting the body ; as in the kangaroo and 
thejerboa. 

Various gradations may be observed in the mammalia, connecting 
man to those animals which are strictly quadrupeds. The simise, 
which arc by no means calculated for the erect position, are not, on 
the other hand, destined like the proper quadrupeds to go on all 
fours. They live in trees, where their front and hinder extremities are 
both employed in climbing, &c. 

The true quadrupeds have tlie front of the trunk supported by the 
anterior extremities, which are consequently much larger and stronger 
than in man ; as the hind feet of the same animals yield in these re- 
spects to those of the human subject. The chest is in a manner sus- 
pended between the scapulse ; and the serrati magni muscles, which 
support it in this position, are consequently of great bulk and 
strength. When viewed together they represent a kind of girth snr- 
rounding the chest. 

§ 304. Of the muscles which do not exist in man, nor as far 
as we hitherto know, in the guaehrumana, but which on the 
contrary are found at least in the greatest number of quadru- 
peds ; the cutaneous expansion of the trunk (panniculus car^ 
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enables the animal to kick out backwards with such astonbh- 
ing force ; with the immensely long flexors of the beaver's 
tail^ or the extensor:^ of the kangaroo, &c. 

The pecioralis major ^ latissimus dorsi, and teres major ^ are of vast 
size in the mole ; and enable the animal to dig its way under ground^ 
and to throw up the earth. 

BIRDS. 

§ 307. The muscles in this class are distinguished by pos- 
sessing a comparatively weak, irritable power, which is soon 
lost after death ; and by their tendons becoming ossified, as 
the animal grows old, particularly m the extremities, but some- 
times also in the trunk. I have observed this to a very remark- 
able degree in the crane. 

This appearance led several physiologists of the seven- 
teenth century to the erroneous conclusion, that the bones in 
general, at least for the most part, are formed from tendons.* 

§ 308. The most remarkable circumstances in the myology 
of this classf have been incidentally mentioned in previous 
parts of this work. For instance, muscles which are not ex- 
clusively peculiar to birds, but are more commonly found in 
them than in the mammalia, as those of the membrana nicti- 
tans ;j: or such as are deficient, as the diaphragm ; or distin- 
guished by their remarkable size and peculiar form, as the pec- 
toral muscles. 

Birds' possess three pectoral muscles, arising chiefly from their 
enormous sternum, and acting on the head of the humerus. The first, 
or great pectoral^ weighs, of itself, more than all the other muscles of 
the bird together. The keel of the sternum, the fork, and the last 
ribs, give origin to it ; and it is inserted in a rough projecting line of 
the humerus. By depressing that bpne,. it produces the strong and 



* See Stenonis De Mtuculu et GlanduUs, p. 26. Casp. Bartholin Sptcimen Hii- 
toria Anatomica Partium Corporis Humani, p. 185. 

f On the myology of birds the reader may consult Stenonis, in the Act, Hafniens, 
1673, p. 6 ; and Valentini, Amphitheat. Zootom. pt. 2, p. 8. 

Also Vicq d'Azyr, in the Mh*. d§ VAcad. des Sciences de Paris, 1772. Merrem's 
Vermischt$ Abh. aus der Thiergesch, p. 144. 

And Wiedemann's Archives, vol. ii. p. 68. 

I These muscles are described in the chapter which treats on the eye. 
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only the diaphragm^ but also the muscles of the abdomen and 
chest are wantuig in the genus iestudo. The other muscles 
are, however^ of vast strength in this genus. In the serpents, 
on the contrary, they are more uniform and thin, and more 
numerous, beyond all comparison, in consequence of the vast 
number of vertebrae and ribs, and the want of all external 
organs of motion. 

FISHES. 

^ 310. The muscles of this class* are distinguished fifom 
those of animals which breathe by means of limgs^ not anfy 
by receiving a smaller supply of blood, and consequently being 
of a paler colour, but also by their disposition in layers, and 
by the uniformity -f of their substance, which in general i^ 
destitute of tendinous fibres. This structure, together with 
the number and bulk of their muscles, is well calculated to 
support that great expenditure of strength and exertion^ 
which is a necessary consequence of the peculiar abode, and 
whole economy of these animals.): 

INSECTS. 

%811. The observations which have just been made con- 
cerning the uniformity, number, and strength of the muscles 
of fishes will hold equally good, on the whole, of insects; but 
under other modifications, and generally in a more striking 
degree.^ In the few which have been hitherto investigated 
with a view to this subject, some differences have been ob- 
served. The immensely strong muscles of the claw in the 
crab and lobster,JJi bear considerable analogy to those in some 



* Lacepede, Hist, Natur$U§ det Poiaont, torn. i. Diaeoun, p. 47. 

Sir A. Carlisle, On th« AmmgoMnt and Mtehameal Action of the Mutelm rf Ftato 
in the P^/. Tram. ISOG. 

t Kielmeyer, «6sr die r«r/UUtmttf dMr Ov^anifeftfn KtifU im^frmMmiitr, p. 32, 
Bvo. 1793, Stutgard. 

X Dr. Blane's Lccturt m M«fctt2ar T£t^Mti, p. 64. 

% Kielmeyer, \ocoe\»aH9^ 

I StCDonis Spumtn. EUmmtantm Uytlopm, p. 65. 
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CHAPTER XXIII. 



ON THE MALE ORGANS OF GENERATION. 

^ 313. In considering the comparative anatomy of the sexual 
functions, we must confine ourselves to those animals which 
possess male organs, destined for the purpose of impregnation^ 
and female parts for that of conception. 

To the former belong chiefly the testes, vesicular seminales, 
prostate and penis. Yet the three last mentioned parts, and 
particularly the vesiculse and prostate, are by no means con- 
stantly found even in red-blooded animals. 

The following general view of the subject of generation, in the 
5th volume of Legom d'Anatomie cofnparee^ affords a comparative 
statement of the manner in which that function is executea in the 
different classes. 

The nature of generation^ which is the greatest mystery in the 
economy of living bodies, is still involved in impenetrable obscurity. 
The creation of a living body, that is, its formation by the union of 
particles suddenly brought together, has not hitherto been proved by 
any direct observation. The comparison of this process to that of 
crystallization is founded in a false analogy : crystals are formed of 
similar particles attracting each other indiTOrently, and agglutinated 
by their surfaces, which determine the order of their arrangement : 
living bodies, on the contrary, consist of numerous fibrea or lamiwe 
of heterogeneous composition, j and various figures,. each of which 
has its peculiar situation in rdation to the other fibres and laminse. 
Moreover, from the instant in whidi a living body can be said to 
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these physiologists conclude that the germ pre-exists in all females \ 
and that the fecundating liquor is a stimulus which bestows on it an 
independent life, by awakening it, in a manner, from the species of 
lethargy in which it would otherwise have constantly remained. 

The origin of the germs, and the mode of their existence in the 
female ; whether they are formed anew by the action of life, or are 

S re-existent, and inclosed within each other; or whether they are 
isseminated, and require a concourse of circumstances to bring them 
into a situation favourable for their development, are questions 
which, in the present state of our knowledge, it is utterly impossible 
for us to decide. These points have for a long time been agitated 
by physiologists, but the discussion seems now to be abandoned by 
universal consent. 

The combination of the sexes and the mode of fecundation are 
subject to great variety. In some instances they are united in the 
same individaal, and the animal impregnates itself. The acephahiis 
molkuca and the echinus exemplify this structure. In others, al- 
though the sexes are united in each individual, an act of copulation 
is required, in which they both fecundate and are fecundated. This 
is the case with the gasieropodous moUusca and several vx>rms. In 
the remainder of the animal kingdom the sexes belong to diflerent 
individuals. 

The fecundating liquor is always applied upon, or about the germi. 
In many cases the ova are laid before they are touched by the semen; 
as in some fishes of the bony division, and the cephalopodous molt-- 
luica. Here, therefore, impregnation is effected out of the body^ 9k 
it is also in the frog and toad. But in the latter instances the mab 
embraces the female, and discharges his semen in proportion as she 
voids the eggs. In most animals the seminal liquor is introduced 
into die body of the female, and the ova are fecundated before ihey 
are dischtt'ged. This is the case in the mammalia^ birds, most n^ 
iiUSf and some fishes ; in the hemtaphrodite gasteropodous tHoHyseOf 
in the crusiacea, and insects. The act by which this is accomplished 
is termed copulation. 

In all the last mentioned orders ova may be discharged without 
previous copulation, as in the preceding ones. But u^ receive 
no further development, nor can they be fecundated wnen thus 
voided. 

The effect of a single copulation varies in its degree ; it usually 
fecundates one generation only ; but sometimes, as in poultry, seve- 
ral eggs are fecundated; still, however, they only form one gench 
ration. "* 

In a very few instances one act of copulation fecundates several 
generations, which can propagate their species without the aid of tfaie 
male. In the plant-louse (aphis) this has been repeated eight times ; 
and in some monoculi twelve or fifteen times. 

When the germ is detached firom the ovar^, its mode of existence 
may be more or leas complete.' In most ammals it is connected, by 
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change is particularly observable in the testes of the mole, 
gparraw, sxid frog.* 

§ 315. It is necessary to mention here, in a cursory and ge- 
neral manner^ the peculiar organs possessed by the males of 
Some species, for the purpose of holding the female during 
the act of copulation. Of this kind are the spur on the hind 
fi^et of the male omithorhynchus /i* the rough black tubercle, 
formed in the spring season on the thumb of the common 
frog; the two members, formed of bones articulated to each 
other, near the genitals of the male torpedo and other cartildr 
ginoHS fishes; the forceps on the abdomen of the male 
dtagonflyy &c. Ray, Klein, Battara, and others, considered 
these parts as real organs of generation ; and the same mistake 
was committed by Menz and Kriiger concerning the tubercles 
on the thumb of the frog. Equally erroneous is the opinion 
of Tyson, that the sternum of the cyclopterus lumpus (lump^ 
sucker) serves the male to retain the female in its embrace in 
the act of impregnation ; an opinion which that physiologist 
entertained, from an idea that such an organ would be pecu- 
liarly useful to the animal, on account of the shortness of its 
penis. To say nothing of the situation of the sternum on the 
neck, together with the convexity of the abdomen being calw 
culated rather to impede than to assist the act of copulation, 
and also of the existence of this organ in both the male and 
female, it has escaped the notice of that otherwise excellent 
physiologist that these fishes do not copulate. The female 
deposits the ova alone at the spawning season, as is the case 



* lo animals, which have lost the testes by the operation of castration, a similar 
ciicuniatanoe may be observed in some of the remaining organs ; as in the vesiculsB 
seminales of the gelding. Bourgelat, "Elimetu de CArt V^tSrinaire. Par. 1769, Bvo. 
p. 359. 

t The spur of the orTtUhorhynehut not only enables the animal to retain the female 
in a firm position, but probably acts as a specific stimulant during the act of oqm- 
lation. On the subject of this peculiar organ see Rudolpbi* in the Abhandl, im 
Berliner, Wii4>er8ch, 1820. 

Seiferl, SpieiUgia Adenologiea, p. 8, tab. 1 , fig. 5. 

Meckel's Archiv, vd. viii. 

Y 
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The imiica vaginafU exists constantly in the mammalia. As the 
horixoDtal position of the hody obviates the danger of hernise, the 
caritj of this cotering always communicates by means of a narrow 
canal with the abdomen, in such animals as have the testes remaining 
constantly in the scrotum. Where these glands occasionally pass 
out of the abdomen and return again, the communication is very 
broad and free. * 

S 3l1f. In several quadnipedi^ as the dog, horse, ram, and 
others^ there is a body composed of condensed cellular sub^ 
stance, lying according to the axis of the testicle near th^ 
epididymis, imd known by the name of corpus Highmori. 
This is not a canal, nor does it possess that artificial structure 
which has been described and delineated by several anatomists 
of the Iseventeenth century.* 

The seminal tubes are collected in some animals into large fasci- 
culi ; as in the baboons, most of the large camivora, the wild boar^ 
and the rhinoceros. It is the union of the septa which divide these 
fksciculi, that constitutes the corpus Highmori. In most of l£e 
rodentia, and particularly in the rat, these tubes are large and pi[- 
rallel, and very easily separable. 

The vasa dcferentia are usually enlarged in size« and assume a 
cellular structure for some short distance previous to their termina- 
tSon^ The structure of this part is the most remarkable in the horse ; 
where ** the vas deferens, in passing over the bladder, enlarges to 
the size of tlie human thumb ; this amplification extends from i^ 
entrance into the urethra to the distance of five or six inches from 
that point, where it again becomes of its ordinary diameter. 

" The inside of this enlargement is composed of cells, and somf- 
what resembles in construction the cells of the corpus cavemosum 
penis, passing in a transverse direction across the tube. In the 
centre of this enlargement passes the small canal of the vas deferens ; 
each cell communicates by one, two, or more small pores with the 
canal of the vas deferens, and the cells diminish as they approach 
the neck of the bladder, till they are lost in a smooth passage enter- 
ing the urethra. 

** What the purpose of this structure is, does not appear ; it must 
retar4 the passage of the semen, and probably adds some fluid to it. 



* De Graaf Dt Vhror. Organis Generat. inwrSimt. teb. 3, fig. 4, in the <l«^. 
See also the excellent delineations by A. Monro, junior, Dt TeUibut, Edinb. 
1755, 8vo. tab. 4, fig. 5, in the dog^ fig. 8, in the horse ; tab. 3> fig. 5, in the jng, 
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against the opinion which considers these vesicles as reservoirs of 
the semen, and inclines us to suppose with Mr. Hunter, that they 
add a peculiar secretion of their own to the fluid which comes from 
the testes. 

See Mr. Hunter's remarks on the vesiculse seminales, in his Ob" 
setvaiians on certain Farts of the Animal Economy^ p. 27 et seq. 

In the hedgehog these parts are of a vast size, much exceeding 
the volume of the testes. They form four or five bodies on each 
side, consisting of a small and infinitely convoluted tube, and open 
separately into the urethra. The rodentia are generally distinguished 
by the great size of their vesicles. These parts in the guinea-pig 
are long, uniform, cylindrical cavities, containing generally a firm 
cheesy matter. In the boar they are very large, and of a fobulatad 
structure ; a common excretory duct receives the branches from the 
lobes. In the horse they form two large and simple membranous 
bags, opening near the vasa deferentia, but separately. 

§ 319. The possession of a prostate (in some instances sim- 
ple, but generally divided into two parts) is peculiar to the 
mammalia^ and seems to take place in every species of the 
whole class. In many animals at least, where its existence 
has been denied, as in the goat and ranif considerable glan- 
dular bodies are found, which bear a greater resemblance td 
the prostate than to Cowper's glands.* 

§ 320. In many species the penis consists of a single corpus 
cavemosumf without any septum. The pig and the cetacea 
fiimish examples of this structure ; and in the latter animals 
there are numerous tendinous layers crossing it.f 

In some species, where the act of copulation requires a 
longer portion of time, as in the dog^ bcuiger, &c. the corpus 
spongiosum of the glans, and of the posterior part of the 
penis, swells during the act much more considerably than the 
rest of the organ, and thus the male and female are held to- 
gether during a sufiScient space of time for the discharge of 
the seminal fliud4 

It has been doubted whether the swelling of the corpus spongiosum 

* Haller, in Comment, Soe, Rtg. SeUut, Gotting. torn. i. tab. 1. 

t Ruysch, Epitt, Problmat. 15, Ub. 19, fig. 5. 

t DuibentoD, lorn. ▼. tab. 47 ; and Walter, MtfjRotiit tur U Blair§au, in the Mim. 
d€ VAcad. d§ Berlin, 1793, p. 20. 
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is not soluble in spirits of wine or nitrous acid» nor does it dry 09 
exposure to the air during several weeks. 

** There is nothing resembling a frenum to the penis of the horse. 

^ The cavernous body has no longitudinal septum. 

^* Another singularity in the genital parts 01 this animal is, that 
there is an immense congeries of veins, lying on the back of the penis, 
which are filled during copulation, forming an elevation nearly as 
large as the penis itself; these veins communicate with both the ca^ 
vemous and spongious bodies." 

^ SSI. Several species of mammalia, both among those 
which possess no vesicute seminales, and thereby require a 
longer time for completing the act of copulation, and those 
which are not distinguished by this peculiarity, possess a pecu- 
liar bone in the penis, generally of a cylindrical form, but some- 
times grooved. This is the case with some of the simue, most 
of fhe bai'kind, the hamster, and several others of the mouse* 
kind, the dog^ bear, badger, weasel, seal, walrus, &c. A simia 
eynomolgusy which I lately dissected, had a small os penis^ 
vnth large vesiculae seminales. Delineations of this bone in 
several species of animals may be seen in Redi,* and in the 
works of Meyer and Daubenton. It is somewhat remarkable 
that this bone should not be found in all the species of the 
same genus. Thus it is wanting in several simine, in some 
bais, and in the hyena of the dog-kind.+ 

§ S22. In most of the male animals of this class the urethra 
runs on to the end of the glans, and forms a conunon passage 
for the urine, prostatic liquor, and semen. In some few spe- 
cies, the passage which conducts the two former fluids, is dis- 
tinct from that of the seminal liquor. The bifid fork-like 
glans of the opossumX has three openings, one at the point of 
bifurcation for transmitting the urine ; and two for the semi- 
nal fluid at the two extremities of the glans. The short ure- 
thra of the omitharhynchus paradoxus opens directly into the 

* De ViventUmi tfKm Viventia, tob. 26. 

t See J. F. HermanD, Ob§ervat. <r OMUoLeomparat. Argent. 1792, p. 13. 

t Cowper, in the Ptdlou frans* toI. xziv. p. 1583, fig. 2-5. Among other pecu- 
liarities of this BiDgnlar tniiiial it may be mentioned, that die penii lies behind the 
scrotum. 
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nal ducts terminate. This is the case in the cock, turkey^ and 
pigeon. 

Some few species have a simple penis of considerable length, 
which is ordinarily concealed and retracted within the cloaca; 
but remains visible externally for some time after copulation. 
It forms a long worm-shaped tube in the drdke^ and consti- 
tutes a groove in the ostrich, which is visible when the animal 
discharges its urine.t 

The testes of birds consist of a congeries of seminal tubes analo- 
gous to those of the mammalia. 

AMPHIBIA. 

{ 326. The kidney, testes, and epididymis, lie close together 
in the iesiudines, but each of the three organs may be distin* 
guished, by its peculiar colour and structure, on the first view. 
They appear to have no vesiculae seminales ; j; I could at least 
discover none in a iesiudo grceca which I lately dissected. 
The penis, on the contrary, is very large, and retracted within 
the cloaca in its ordinary state. Instead of an urethra, this 
part contains a groove, whose margins approach to each other, 
when the part is erected, so as to form a closed canal. This 
may be compared with the groove-like continuation of the 
oesophagus, which goes into the third stomach of ruminating 
animals. The glans terminates in an obtuse hook-like point, 
somewhat resembling the end of the elephant*s trunk. 

§ 327. Frogs % have large vesicuke seminales, and a small 

* De Graaf Df Afuiterum OrganU, tab. 17. Tannenberg, tab. 1 and 2. 

Ibid. tab. 2 and 3 ; also Home, loe, eitat. tab. 12, fig. 2. 

t Cuvier, in the first part of the Mdnagerie du Mtueum NationaL 

t I should not express myself with uncertainty on this subject, if lieberkuhn had 
not ascribed vesiculs seminales to the turtle, (he does not mention the species) 0. 
E. Hamberger, Phynol. MmL p. 712. 

There u much obscurity in the different descriptions of the male organs of gene- 
ration of the turtle and tortoise. The variouf observations on this subject are coU 
lected by Schneiderp in his Nahtral HitUrry of tkt Gmu$ Ttttudo, p. 1^. See also 
Gilibert, MMeein NaiuraUtU, 1st series. Lyons, 1800-8, p. 290 ; and Bcjanus, in 
the work above dted. 

§ Rdsel, tab. 6, fig. 1, 2, and 3, tab. 6, fig. 1. 
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possessing the complete organs of both sexes, are found very 
frequently in this species ; much oftener than among other 

I possess the whole viscera of two such individuals, whioh 
were found some years ago within a short time of each other. 

INSECTS. 

§ 331. The animals f of this class exhibit such numerous 
varieties of structure in the different orders, genera, and ipe- 
€ieSf% that we shall be contented with choosing two of the lat^ 
t0r as examples^ These are, the moth of the sUk^woira, (bofih 
byx mcri) which is chosen because its genital organs reaMi* 
Me diose of some of the more perfect red-blooded animala; 
and a species of locust (gryUus) oil account of the extemtd t^ 
semblance between the male and female organs. 

In the latter {gryllua verrucivorus) the large testicles, with 
their convoluted fasciculi of vessels, bear a very close resem- 
bUnce to the ovaries, in which the ova are collected into sinii- 
lar bundles.§ 

In the moth of the silk-worm we distinguish, besides the 
testes, long vasa deferentia^ even a kind of vesiculse seminaloa, 
and a very considerable penis, with a hook-shaped glana.|| 

* See Aluicher, in the Bmlau ColUeUmi, 14 vera. p. 645. Schawlbe, in the 
Commere, Uu Naric. 1734, p. 305; and Morand, in the Hiu, dt VAead. dn Se. 
1737, p. 51. 

t See Henrich Schaeffer Be geneixAione Jnseetorum, partibiufu§ ei imtnimdibui, 
Ratiib. 1821. 

t See a representation of these parts in the seanlMtus rumetmii, by Swaauntf- 
dam, tab. 30 ; in a large water-beetle, tab. 22 ; in the nepa eimrta, tab. 3 ; in the 
papUio urtiat, tab. 36; in the ephemera heraria, tab. 14; in the drone, tab. 21 and 
22 ; in the muica eamtUon, tab. 42 ; in the mtuea jmtrii, 43. 

In a cicada, Malpighi De Bomhyee, tab. 11, fig. 2. 

In a crab, Cavolini, tab. 2, fig. 10, 11. In the cancer Bemhardiu, Swammerdam, 
tab. 11. In the erawfith, Kdsel, vol. iiL tab. 60. 

§ Rbsel, voL ii. tab. 9, of the loctatt, 

I Malpighi, tab. 10, fig. 1. Swammerdam, tab. 28, fig. 3. 
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The part which corresponds to the soft roe of bony fishes, 
contains at the spawning season several hundred small tubular 
seminal receptacles (about four lines in length); these are 
placed in bundles towards the vas deferens, and are contained 
in a thick fluid. These tubes are expelled from the body in 
an entire state, when a spiral vessel, which they contain, toge- 
ther with the semen, as in a sheath, bursts their thin anterior 
extremity, from which the semen escapes and impregnates the 
spawn of the female. 
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gennsy or otb, which exist in these bodies completely formed before the 
met o£ copulation. Analogy leads us to conclude that these bodiea have 
ibe same office in the mammalia, and thus our explanation and iUus- 

gation of this most interesting part of physiology are entirely derived 
om researches in comparative anatomy. 

MAMMALIA. 

§-834. Of the external female sexual organs in this class, 
the clitoris is most generally found,* for it exists even in the 
whalesyt and probably is wanting in no other instance than the 

omithorhynchus4 

As this organ, in its general structure, bears considerable 

resemblance to the male penis, it contains a small bone in se* 
¥eral species of mammalia, as the marmota citillus, the racoon^ 
{tarsus loior) the lioness^ the sea-otter^ &c. In the opossum 
it possesses a bifid glans, like that of the penis. (Yid. Platb 
VII.) The analogy between the two organs is carried so fiur 
in the /bri, {lemur iardigradus) that the urethra runs through 
the organ and terminates on its anterior extremity.§ In the 
ratf the domestic mouse, the hamster, &c. the clitoris and the 
orifice of the urethra are placed at some distance from the 
vagina, and in front of that part. This structure has some- 
times been mistaken for a preternatural hejmaphrodite for- 
mation.n. 

In consequence of the horizontal position of the body of qoadm* 
peds, the clitoris is at the under-margin of the orifice of the vagina^ 
instead of the upper one, as in women. 

I . —— — ____ 

* LinneiiB considered this organ to be a peculiar mark of distinction between the 
human female and that of the simic ', whereas, in the latter animals, it is generally 
icmarkably large. I found it of very considerable magnitude in a mandrill, (popw 
SMRHioii) which. I dissected. 

t Tyson's Anat. of a Porpoiu, tab. 2, fig. 3. 

In a balana boojn of fifty-two feet in length, this part was very large, even in pro- 
portion to the monstrous size of the animal. 

I Home, in the PhU. Trans. 1802, p. 81. 

- $ Anbert, Hist. Nat, dm Smgm, tab. 2, fig. 8, of the anatomical figures* 

I J. J. Dobel, in Nov. LUmtr. Maris Bakhki, 1098, p. 298. 
Jo. Faber, in his remarks on F.Hemander, Plantm', &c. Mericonor. Histor, p. 
547. 
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tbey are either confined to the immediate neighbourhood of 
the external opening, as in the cow; or, if they extend farther, 
as in the simi^Ey they do not possess that regular arrangement 
or beautiful formation which are displayed in the human 
female.^ 

Dr. Gartner of Copenhagen has recently called the attention of 
anatomists to the existence of two canals in the vagina and uterus of 
the ccw, and some other mammalia. These canals commence in the 
neighbourhood of the Fallopian tubes, and open into the vagina hear 
the meatus urinarius. They exist also in the sow ; neither age nor 
gestation makes any difference, they are always present. In the sow 
these canals commence, by two openings situated on the sides of the 
orifice of die urethra, run obliquely from within outwards, in the 
aiUbstance of the parietes of the vagina, and also a litde upwards, 
tlms describing a curve. In this course they receive lateral branches 
coming from me neighbouring glands, the union of which forms a 
mass rather analogous in its external appearance to the pancreas ; 
they diminish necessarily in size as they receive fewer of these small 
kiteral ducts, and especially in the part of the parietes of the vagina 
which is continuous with the cornua of the uterus. They are always 
presient, but are found more developed a short time afler conception. 
XT) a sow^ whose uterus contained some foetuses from two to three 
inches in length, the diameter of these canals was very consider- 
able ; they extended even in the substance of the broad ligaments 
to within a few inches from tlie ovaries, where they apparently ter- 
nui\a^ed in several small glandular bodies. The prolongation of these 
canals into the broad ligaments was very evident; their appear- 
ance was white and opaque, but it was easy to inject them with 
quicksilver ; in some points diey were considerably, and appeared in 
some others completely obliterated. 

' In the cow, the vaginal orifice of these canals is larger, situated 
more in front, and on the side of the meatus urinarius ; these canals 



, * A representation of tlie vagina of the mare laid open, may be seen in Dauben* 
ton, torn. iv. tab. A, fig. 2. 

- That of the covo^ in Nic Hoboken, Anat, Stcundhut Vitulma. Ultraject 1675, 
8vo. fig. 3 ; and in J. G. Eberhard, Over het verUmen der Koeijen* Amsterdav, 
1793, 6vo. tab. 1. 

Of the ewe. Fab. ab Aqnapendente, De farmato Fcttu, tab. 17, fig. 35 and 36 ; 
and De Graaf, De Mutierum Organii, tab. 20. 
• Of the hind, Daabenton, torn. vi. tab. 17. 

Of the rat, ibid. torn. vii. tab. 38, fig. 3. 

Of the genet, (vivem gentUa) ibid, torn* ix. tab. 37, fig. 2. 

Of the panther, ibid. fab. 16. 

Z 
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lori, {lemur tardigradt$s) so as to form a manifest approach to 
the uterus bicomis,* 

2. A sunple uterus with straight or convoluted horns (uterus 
bicomis). They are straight in the bitch,f in the racoon, in 
the biits of this country, (Germany) in the sea-otter, seal, &c4 
somewhat convoluted in the cetacea,% marejji and hedgehogs 
and still more tortuous in the bisulca.S. 

3. A double uterus, having the appearance of two horns, 
which open separately into the vagina; this is seen in the 
hare,^* mole, and rabbitf^ {uterus duplex). 

4. A double uterus, with extraordinary lateral convolutions, 
is met with in the opossum and kangaroolfX {uterus anfractuo^ 
sus). Vid. Plate VII. 

After I had dissected this curious part in a fresh opossum, I 
began to understand the obscure and in part contradictory 
descriptions given by others, and I trust that the plate (vii) at 
the end of thb volume will be found not only intelligible, as 
compared with those by Tyson, Daubenton, and severd others, 
but sufficiently clear to give an idea of these parts to those 
who may not have had the opportunity of dissecting them. 

As the process of generation in these singular animals dsviates 
very consiaerably, in some of its parts, from the same function, as ob» 
served in the other mammalia, a considerable difference is found m 
the generative organs ; of which, as the subject is a very interesting 
one, we shall present the reader with a more detailed description, as 

• 

• Ibid. tab. 31, Sg. 4. 

t Vesalius, p. 685, ed. of 1565. 

% Daubenton, torn. is. tab. 16, of the panthtr ; tab. 33, of the avet ; tab. 37, fig. 
2, and tab. 38, 39, of the gviMt; torn, ziiu tab. 51, of the md. 

$ Tyson, tab. 2, fig. 3. » 

I LaFoiae, tab. 46, 40. 

5f It if repceiented m the tUqv, by De Oraaf, tab. 20. 
In the c«v, by Hoboken, fig. 29, 30 ; by Ebcriiard, tob. 1. 

** Daubenton, torn. tL tab. 46. 

ft De Oraaf, tab.25; Danbenton, loe.nt. tab. 66. 

It Hone, ID the Fhiim. Trmu. for 1795, tab. 18, fig. 1 ; tab. 19, fig. 3 ; for 
1806, p. 810 ; and 1810, pi. 2. 

s S 
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derably, Arming an oval enlargement, the coats of which are mucb 
thicker than those of the other parts, and the supply of blood-vessels 
Qiuch greater, so tliat there is no doubt of its pertbrming some pecu- 
liar office ; beyond this part the tubes contract and pass perpendicularly 
through the coats of the uterus at its fundus, and termmate in two 
projecting orifices^ one on each side of the middle ridge just men- 
tioned. 

The ovaria in the kangaroo are similar to those of quadrupeds ini 

feneral, have corpora lutea produced in them, and in these the ova are 
>rmed. When magnified four diameters, the appearance of the 
structure of the corpus luteum is beautifully distinct. 

From these examinations it would appear that commonly the kan' 
garoo has only one young at a time ; for although in one ovarium 
there are the rudiments of two corpora lutea, they are in different de^^ 
grees of advancement. 

. It is evident that l>oth ovaria are forming corpora lutea at the same 
time, but they are in very difierent stages. 

• As the ovum in this animal is not afterwards to be attached to the 
uterus, there can be no doubt that the thickened oval portion of the 
Fallopian tube, near its termination in the uterus, which extends to 
the aepending orifice, is to supply something analogous to yolkj 
which 18 to attach itself to the ovum before it drops into the cavity ; 
it is afterwards supplied by albumen from the internal surface of the 
two lateral tubes ; in the same manner as albumen is formed in the 
oviducts of birds. 

: The structure of the coats of the oval enlargement of the Fallopian 
tube is of a very uncommon kind ; it does not resemble any known 
gland in the body employed for secretion ; the yolk is oil or fat in a 
most exceedingly concentrated state, which, according to Sir E. Home» 
is formed in the intestine generally, but in some animah in the 
liver ; and afler being received into the cireujation, is deposited by 
the terminations of arteries whenever wanted. Nothing can better 
accord with this idea, says Sir E. Home, than the apparatus set up 
in the Fallo{»an tube ; there is an arterial trunk at some distance, of 
considerable size, which sends off an infinite number of branches, 
nearly of the same length, and all terminating in this oval portion of 
the tube. This is perhaps the only structure to be met with of the 
kind, probably also the only occasion in which concentrated oil is re- 
quireci to be suddenly collected. 

When the ovum arrives at the uterus, it is enveloped in an abund- 
ant quantity of albumen. There was nothing like shell, and the sofl 
ovum had been too long preserved in spirit to retain its natural ap- 
pearance, it was reduced to a palp. The uterus and the lateral tubes 
were filled with this jelly, ana the os tineas plugged up with it ; the 
lateral tubes were open into the vagina. In the cavity of the uterusi 
in the midst of this coagulated jelly, was a small portion of the rudi- 
ments of a foetus. 
The mode in which impregnation takes place has not been satis- 
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Besides these additional bones, and the projection to which they are 
attached, there is another peculiarity in the structure of the pelvis of 
the female ; the two rami of the os ischium which join the pubis, have 
so notch between them, as in other quadrupeds, but form a round 
conTex surface of some breadth, projecting considerably forwards. 
The sur&ce itself is smooth, like those over which tendons pass ; but 
the lateral parts are rough, and have a pair of muscles arising from 
them, inserted into the skin of the false belly, to bring its mouth to-^ 
wards the pudendum. 

The niocle in which the young passes from the uterus into the false 
belly, has been matter of much speculation ; and it has even been 
supposed that there was an internal communication between these ca- 
vities. This idea took its rise from there being no visible opening 
between the uterus and vagina during impregnation ; but such an 
opening remaining of some size after parturition, explains the mode 
in [which the young passes out ; and the false belly or bag having 
muscles, which must, when they are in action^ bring both the orifice 
and the mammae themselves close to the vulva, removea all theoreti- 
cal objections against the young getting to the nipple ; particularly as 
the vulva has naturally an unusual projection, and the margin of the 
pelvis immediately before it is rounded and smooth, so to admit of its 
moving easily in that direction. The very action of opening the 
mouth of the false belly, by bringing down the skin, will allow tlie 
external orifice of the vagina to be thrown still further out, so as to 
project more directly over the mouth of the false belly in which the 
foetus is to be deposited. 

It is to be observed, that as all these circumstances belong to the 
parts in a natural state, they will be much increased at the period at 
which parturition takes place, since in all animals at that particular 
time, there are changes going on to facilitate the expulsion of the 
young in the way most favourable for its preservation. The size of 
theyoung at this period is not exactly known. 

When the young is first attached to the nipple, the face appears to 
be wanting, except a round hole at the muzzle to which the nipple is 
applied and adheres ; soon after, the lips and jaws grow upon the 
nipple, till at last nearly half an inch of its length is enclosed in the 
mouth. 

The kangaroo has only one young at a time, which may be seea 
attached by the mouth to the nipple inside the mother^s pouch, from 
the period- it is the size of your thumb-top, and as unshapely as 
a new-born mouse, until it attains the size of a poodle-dog, with 
a fine glossv coat of hair, ready to leap out and hop along after the 
mother. The young are attached by the mouth to the nipple in 
somewhat the same way as the placenta of other animals is at- 
tached to the uterus, the mouth being contracted round the nipple, 
which swells out like a cherry inside it, nourishing the foetus by way 
of absorption through this iii^irect channel, the mouth and nipple ad- 
hering 10 strongly, that it requires considerable force to separate 
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4ince ^scoTercd to be an artificial appeairance, the effect of coagula- 
tion. Upon examining the spur in a better state of preservation, Sir 
£. Home not only found a membranous tube passing through the 
spur, which has an orifice on one side, near the point ; but Mr. Clifl 
succeeded in injecting a duct leading to a gland which lies across the 
back part of the thigh, over the muscles, one inch and more in length, 
and half an inch broad ; the excretory duct passes like the ureter of 
the kidney out of one side, near the middle. The quicksilver inject- 
ed immediately pervaded every part of the gland ; and when the 
point of the pipe was turned downwards, ran readily to the root of 
the spur, where the duct made a turn, and formed a small reservoir. 
After a little time, however, the mucus being gently squeezed and 
pressed forward, we saw the mercury in the spur, and at last it came 
out of the orifice. 

A secretion is emitted through the spur of the male into this 
socket, and the parts are so minute as to require glasses of consider- 
able power. Mr. Bauer examined the socket in the female, and after 
overcoming considerable difficulties, the parts being very much cof- 
rugated, and yet retaining their elasticity, he made out the form of 
this socket, which corresponds exactly in shape with the spur itself 
so that when completely introduced, it must be so grasped that the 
male would be unable to withdraw it when the coitus was over, in 
this respect resembling the effect of suction. 

The testicles are situated in the cavity in the abdomen, immedi- 
ately below the kidneys ; they are large for the size of the animal.^ 
The epididymis is connected to the body of the testicle by a broad 
membrane, which admits of its lying very loose. The penis of the 
male has a structure of a very extraordinary nature. The urine doetf 
not pass along the urethra of the penis ; it is conducted by a distinct 
canal, which opens into the rectum, an inch above the external orifice 
of that gut. On each side at this part is a large solid body, the siscf 
of a testicle, which proves to be a gland ; each of these has a small 
excretory duct, which passes to the root of the penis, where they 
unite, and then open by one common orifice into the seminal urethra^ 
one t^nth of an inch after it has entered the penis. 
. These glands must be considered to correspond with Cowper's 
glands in the human body, and not as either a substitute for pros- 
tate gland or vesiculae seminales, since they are met with in the fe- 
male. 

In the female they are smaller than in the male. Their ducts open 
by one common aperture on the posterior surfiice of the vagina, one-^ 
fourth of an inch within the orifice of that canal. 

The penis, which is solely appropriated for the passage of die 
semen is very short, when in a relaxed state, nor is it capable of 
being much elongated, when erection takes -jpLace. The prepuce is a 
fold of the internal membrane of the veree of the anus, as in the 
birds, and the penis when retracted is entirely concealed. 
^ The urethra leads directly firom the bladaer to the rectum ; bear 
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ever much it differs from the other in its external appearances 
and hahits, it resemhles it nearly in the organs of generation ; it 
is an inhabitant of New South Wales. One of this species was 
shot in Endeavour Bay, by Van Diemen's land ; it was seventeen 
inches long, and when it walked, the body was two inches from the 
ground. 

The animal which Sir £. Home examined was a male ; extemally 
there was no appearance of organs of generation, in this respect 
being exactly similar to the paradoxus. Just at the setting on oi the 
heel the hind legs had the same spur already described in the oth^ 
species ; there was also a gland on the posterior part on the thigh, 
and a duct leading from it to the spur, but smaller than in the pairo' 
doxus. 

The male organs resemble those of the paradoxus in the form and 
situation of the testicles, the opening of the vasa deferentia, and the 
opening of the urinary urethra into the rectum, as well as that of the 
seminal urethra, which runs in the middle line of the penis. 

The penis is very elastic in its substance : when drawn out is about 
three inches long ; in a natural state, before it was hardened in spi- 
rit, it of course could be farther extended. The glans is divided into 
four portions of equal length, two facing to the right, and two to the 
lefl, so that there are evidently two adapted to each uterus. Allthsse 
have an orifice in their centre, surrounded by concentric circles of in- 
finitely small prominent papillae. 

The female organs Sir £f. Home has not seen, but the correspond- 
ence there is between those of the male in the two different kinds, im- 
plies a similarity in those of the female. 

The hystrix in many parts of its form is a nearer approach to 
the more perfect quadrupeds than the paradoxus ; and as its tongue 
is in some respects like those of the manis and myrmecophaga, it was 
natural to look among the different species of these genera for othev 
points of resemblance. 

§ 339. These various forms undergo different changes in 
the pregnant state. 

The alteration in the simple uterus is, on the whole, analo- 
gous to that which occurs in the human female. 

The pregnant uterus bicomis suffers a different change in 
those animals, which bear only one at a time, from that which 
it undergoes in the muliipara. The foetus of the mare is con- 
fined in its situation to the proper uterus.* In the caw it ex- 
tends at the same time into one of the horns, which is enlarg- 



* Roini, p. VI flMf. FMb.ab Aquspendeste, tab.20, 31. 
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year, each of which consists, perhaps, of twenty young ones.« 
The wild animal, on the contrary, becomes pregnant only once 
in the year, and the number of its young never exceeds ten. 
Both reach about the same age, viz. twenty years. ^ 

A similar difference is found to obtain between the tame and 
wild cats ; as also between the domestic dove and the wood-) 
pigeon. How should those domestic animals, which descend 
from the original wild stock, produce such a remarkably 
greater number of young ones, if these are merely to be. 
evolved from germs, which have existed since the first crea- 
tion of things I 

And the corpora lutea/^ which have received this name< 
from their colour in the ovaries of the cow, are probably never 
found in the quadruped, except after impregnation. 

I have shewn in the Comment. Soc. Goetting. tom.ix. p. 109, 
that corpora lutea may be formed in the ovaria of virgins, as 
empty calices are sometimes met with in those of birds which 
have not copulated ; and have also pointed out under what 
circumstances this takes place.f 

BIRDS. 

§ 342. The female organs of generation in this class may 
be most conveniently arranged under three divisions : the ex- 
ternal parts including the cloaca ; the tubus genitalis (oviduct) 
resembling an intestine ; and lastly the ovarium^ which is al-. 
most entirely separate from the latter part. 

As the general structure of these parts is very uniform in all. 
birds, we may take as an example the most fiuniliarly known 
species, the hen^X 

§ 343. The external opening of the genitals consists of a 



* Vide Sir E. Home, in the FhU. Trum. for 1819, p. 59, with excellent pUtei of 
^eie parts in the com and mw, 

. f G. Spangenberg, Dtigutiilio ekea parttt ginitalet fcemmeas AvhMm Goett. 1813. 

X For the sake of brevity, I refer once for all in this description of the generaidTe 

organs of birds, to the excellent delineations by Ulmns, in Aldrorandi's OnMolog,' 

torn, ii p. 209, ed.of 1637 ; and by De Gnaf, Ub« 18 ; aad to Spangenberg's work. 
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formed in the male* merely as rudiments^ in compliance with 
the mechanical principle. 

§ 344. In the tubus genitalis, which considerably resembles 
an intestine, and is really on the whole very uniform in its ap- 
pearance, we may however distinguish three parts. The va- 
gina, the proper uterus^ and the oviductus; the latter part 
terminates in the infundibulum, which is very different in its 
structure and appearance. 

The vagina is about one inch and a half long, and very 
extensile : it follows a tortuous course. 

The uterus is about the same length, but larger and thicker 
in its parietes, and folded internally. 

The oviductus (in French la portiere) appears like a conti* 
nuation of the last mentioned part ; it is about one foot and a 
half longi convoluted like an intestine, and though slightly 
contracted at intervals, on the whole conical, so that it de- 
creases in diameter to the infundibulum. Its internal coat is 
covered with innumerable papilke, which secrete the white of 
the egg ; and the whole tube is connected above to the spine 
by a kind of mesentery {mesometrium or fneserceon uteri). 

It opens by its small end into the infundibulum, which is aa 
expanded part, analogous to the fimbriated extremity of the 
Fallopian tube, for receiving the yolk firom the ovariuai* 
This infundibulum is formed of a delicate membrane, with a 
very elegantly folded margin, which is connected behind to 
the uterus by means of a roimd tendinous cord.* 

In speaking of the uterus and vagina of birds, the autlior does not 
sufficiently keep up the distinction which ought to be observed be- 
tween an uicrus ana an oviduct. 

The germ, or ovum, passes from the ovarium through a canal^ 
which either conveys it out of the body, (as in the case of the e^g) 
or transmits it into another organ. The latter is a cavity, admittmg 
of enlargement, and having the germ attached to its parietes fay 
means of vessels, which nourish and preserve it until it has acquired 
a certain development. 

The first mentioned organs are found in all the four classes of 

* Two oridocto ba?e baoi MmetioMi diseovwed in hent» Vide Sftnonis, in Sod 
ToU of the Act. Uavn, p. 226; and Morgasni'i EpUt. Ama. XX* note 31. 
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AMPHIBIA. 

$ 346. The tortoise has a manifest clitoris, lying in the clo- 
aca. The uterus, oviduct, and ovarium, have on the whole 
i&uch analogy with those of birds ; but all these parts are 
double, and have two openings into the cloaca.* The two 
uteri are thick and fleshy, while the oviducts are thin and 
delicate. 

S 347. The frogs of this country (Germany) have a large 
uterus, divided by an internal partition into two cavities, from 
which two long convoluted oviducts arise and terminate by open 
orifices at the sides of the heart. The ovaria lie under the 
liver, so that it is difficult to conceive how the ova get into the 
above-mentioned openings. The uterus opens into the cloaca.+ 

The toads have not the large uterus ; but their oviducts 
terminate by a common tube in the cloaca.jr 

S 348. The lizards of this country (Germany) have on the 
whole a similar structure to that of the last-mentioned animals. 
Their oviducts are larger, but shorter, and the ovaria contain 
fewer ova. 

§ 349.. Female serpents have double external openings of 
the genitals for the reception of the double organs of the 
male. The oviducts are long and much convoluted. The 
ovaria resemble rows of beads, composed of yellow vesicles. 

FISHES. 

^ 350. We shall take the torpedo and the carp as exam- 
ples of the two chief divisions of the class, as we did in 
speaking of the male organs.§ 



* Caldesi, tab. 6, fig. 9, 10. 

t Rbsel, tab. 4, fig. 2, tab. 7, 8. 

i Ibid. tab. 21, fig. 24. 

The ttnicture b the same in the rana pqM (Surinam toad^ See Camper's KUintf 
Schr^Un, vol i. pt. 1, tab. 3, fig. 1. 

§ Carolini, loco ritato* 

2 A 
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INSECTS. 

^ 351. We shall here notice the two species only which 
were mentioned in the former chapter.* 

E^ch of the large ovaria of the gryllus verrucivorus contains 
about fifty ova disposed in bundles. The two organs are 
Connected together at their posterior extremities, and open 
between the two sheaths of a part by which they are dis- 
charged firom the body.t 

In the silktoorm moih,X on the contrary, the ovarium re- 
sembles four rows of pearls ; each row contains about sixty 
ova, which are laid from the end of the abdomen, after passing 
through a short duct, which has, however, connected with it 
several vesicular processes of uncertain use. 

VERMES. 

I 353. We shall describe here the female genitals of those 
two animals only, whose male organs were noticed in the pre- 
ceding chapter. ( 

The opening of the genitals of the female round-worm {as^ 
carts lumbricoides) is situated near the middle of the body, 
and leads to a short canal, which divides into two tubes. 
These gradually contract into two slender, thread-like ovi- 
ducts, which are very long and variously convoluted.|| It 
happens occasionally that the integuments of the icorm burs^ 
and some turns of the duct protrude : these have been mis- 
taken for young worms, and have given rise to the erroneous 

notion that the animal is viviparous. 

- 

* In the works quoted at page 33 1» delineationi of the female organs of genera- 
tion of the insects there mentioned will be found. 

t Rosel, loe. eitat, tab. 9, fig. 3. 

t Malpighi, tab. 12, fig. 1, 2. 

§ For an account of these parts in some other genera, see the works quoted in 
note 15, § 329. 

H Tyson, in the PkUot, Tnnt, vol. xiii. fig. 2, or in his works. London, 4to« 
1751. 

(The same parts have also been represented by Dr. Hooper, in the ikCinifotn qfths 
London Medical Society, vol. ▼. ; and by Dr. Baillie, in his elegant Faaclculi rf 
Morbid Anatomy, £sacic. A, pi. 9, fig. 3 and 5, T.) 

2 a2 
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CHAPTER XXV. 

ON THE FCETUS OF THE MAMMALIA, AND THE ORGANS WITH 

WHICH IT IS CONNECTED.* 

§ 353. The first parts which can be discerned in the uterus 
after impregnation, are the membranes (involucra) of the 
ovum ; in which (the marsupial animals excepted) the embryo 
itself becomes visible after a certain period. By means of 
the navel-string the fcetus is connected to these membranes, 
and consequently to the uterus of the mother ; from which 
its nourishment is derived until the time of birth. It will^ 
therefore, be the natural method to pass from the description 
of the uterus to that of the membranes, and other parts of 
the after-birth; and to consider in the last place whatever 
may be worthy of remark concerning the embryo itself. 

§ 354. The mode of connexion of the pregnant uterus with 
the membranes of the ovum, and thereby with the embryo 
itself, displays three chief differences in the various mam- 
malia. 

. Either the whole external surface of the ovum adheres to 
the cavity of the uterus ; or the connexion is effected by 
means of a simple placenta ; or by numerous small placentae 
(cotyledons), 

§ 355. The first kind of structure is observed in the sow /+ 



. * Much information on the subject of this and of the last chapter is contained in 
Dr. J. F. Lobstein's Easait »ur la Nutriiian du FuUtts, Strasb. 1802, 4to. See also 
some excellent observations on the cavities of the foetus in the three first dasses of 
red-blooded animals by Dutrochet, Cuvier, Breschet, Mondini, and Alessandrini, in 
Meckel's Archiv, vol. v. p. 535, and vol. vi. p.- 385. 

t Fab. Ab Aquapend. Ub. 25 and 26. Daubenton, torn. v. tab. 21, 22« 
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Platb Vm. fig. 1.) As pregnancy advances, this thinner 
portion increases, and gradually assumes a nearly membranous 
structure, while the opposite thick part forms a firm and 
dense placenta of a saddle-like shape with extenuated mar^ 
gins, (Plate VIII. fig. 2). This lies in the more mature 
fcBtus nearly across the ilia; so that the neighbouring parts 
are protected from any injury which might have arisen from 
accidental pressure. For the final purpose of this singular, 
and, as far as I know, unique construction, is the preservation 
of the tender embryo in the abdomen of an animal, which rolls 
itself up with such force, that, without this provision, the 
pregnant uterus and its contents would be exposed to a most 
dangerous pressure. 

In several species of digitated mammalia the external sur- 
face of the placenta is provided with a white and apparently 
glandular body (corpus glandulosum Everardi,* or subpla^ 
cenia,) smaller than the proper placenta by which it is in- 
closed.t ' In proportion as the embryo becomes more mature, 
this part admits of more easy separation from the placenta. : 

% 357. The placenta of the bistdca is divided into numerous 
cotyledons; the structure of which is very interesting, as it 
elucidates the whole physiology of this organ. The parts de- 
signated by this appellation are certain fleshy excrescences, 
{glanduUe uterttuie) produced from the surface of the iropreg-' 
nated uterus, and having a corresponding number of floccu- 
lent fasciculi of blood-vessels, {caruncuke) which grow from 
the external surface of the chorion implanted in them. Thus 
the uterine and fatal portions of the placenta are manifestly 
distinct from each other, and are easily separable as the foetus 
advances to maturity. The latter only are discharged with the 
after-birth, while the former, or the cotyledons, gradually dis- 



* CcmopolU^ HiUoria NaturaUt, 1686, 12, p. 60. 

t In the hare it U represented by Daubenton, torn. vi. tab. 46. 
In the rabbU by Needham, tab. 3 ; and De Graaf» tab. 26, 27. 
In the guinea-pig by Fab. Ab Aquap. tab. 30 ; and Daubenton, torn. viii. tab. 4, 
fig. 6. 

In the wattT'Tat, ibid. torn. vii. tab. 46, fig. 4, 6. 
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which it contains, has been regarded as the urine of the ani- 
mal. The term allantois has arisen from the sausage-like form 
which the part possesses in the bistdca and the pig;* although 
this shape is not found in several other genera and species. 
Thus, in the hare^ rabbity guinea-pigf &c. it resembles a 
small flask ; and it is oval in the pole-cat. It covers the whole 
internal surface of the chorion in the soUdungula^ and there^ 
fore incloses the foal with its amnion. It contains most fre- 
quently in these animals, (although not rarely in the ccw) 
larger or smaller masses of an apparently coagulated sediment 
in various forms and number, which has been long known by 
the singular name of the horse-venom or hipponianes,'^ 

Some orders and genera of mammalia resemble the human 
subject in having no allantois; as the quadrumana and the 
hedgehog : nay, in the latter animal, the urinary bladder has 
no trace whatever of urachus ; which even exists in a certain 
degree in the human subject; but its fundus b perfectly 
spherical in the foetus. (See Plate VIII. fig'. 2, f.) 

§ 361. There is in the hedgehog, as well as in the dog, cat, 
and others, a peculiar part called the tunica erythroides^ (see 
Plate VIII. fig. 1, c ; fig 2, c) situated between the chorion 
and amnion like the allantois, for which it might easily be 
mistaken on the first view. It contains a watery fluid at the 
commencement of pregnancy, but is easily distinguished firom 
an allantois, as it is not joined to the fundus of the bladder by 
the urachus, but is connected by means of the omphahmesen" 
teric veins, (Plate VIII. fig. 2, k) with the mesenteric blood- 
vessels of the foetus. j: This connexion constitutes a resem- 

• Fab. ab Aquap. tab. 13, fig. 29 ; and Ub. 17, fig. 37, in the thetp. J. C. 
Kuhlemann has represented this part in an embryo of the nineteenth day after con- 
ception. Obterv. circa Negotium Generalumit in Ovinia. Gbtting. 1753» 4to. tab. 2, 

fig. 1, 2. 

Hoboken, fig. 10 to 13 and 15, in the cow. Fabric, tab. 25, in the fig, 

t Daubenton, torn. ir. tab. 9, fig. 1, 2, of the hone, 
Hoboken, fig. 19, 21, and fig. 37, of the eotr. 

X Fab. Ab Aquap. tab. 1, of the dog. 

Needham, tab. 4, fig. 1, of the ear. 

Wetter, 



OK THE FCCTUS OF MAMMALIA* 86S 

of the members, instead of proceeding alike in the whole daisa, 
are so ordered in particular species, that those external or- 
gans, which are most necessary to the young animal, accord** 
ing to its peculiar mode of life, are formed and completed the 
soonest. Hence arises the great size of the posterior hands of 
the foetal quadrumana, of the feet of the squirrel^ of such ani- 
mals in short as are destined to live in trees ; likewise of those 
of the foal and kid^ which are obliged to use their legs imme- 
diately after birth, when compared with the corresponding 
parts of the mature human foetus. 

In the foetal kangaroo, in that state at least in which it is 
first found in the false belly, the fore feet are much larger and 
stronger than the posterior ones, on account of the use to 
which the animal puts them in holding by the nipple. When 
the animal in a more mature state is in a manner bom a second 
time, and must soon be left to itself, the posterior limbs in- 
crease to their well known enormous magnitude. 

The erroneous observation concerning the supposed un- 
shapeliness of the foetus of the bear, which has been so often 
made since the time of Aristotle, would not require an express 
reftitation in the present day, had it not been repeated by some 
modem zoologists, whose accuracy in general is much to be 
relied on. I have completely shewn how unfounded this sup- 
position is, by the representation of a young bear's foetus in 
another place,* and it appears to be very completely formed* 

§ S63. The most important points, in which the foetus of 
the mammalia differs from that of the human subject, have 
been already noticed. In other respects their structure seems 
to correspond ;i' at least, for instance, in the membrana pupil- 
laris,j; in the thymus, thyroid, and suprarenal glands. Some 

* AhbiMungm NaturhiMtcr. Gegeratande, pt A, tab. 32. 

t There is a Tiew of the ▼iscera of a foetal hone in Ruini, p. 189, and in 
Dtnbenton, torn. iv. tab. 7. 

Of the theep in Kuhlemann, tab. 2, fig. 8. 
Of the calf by Hoboken, fig. 24, 25. 

t Wrisberg, in the Nov, Commmt. Soe. Reg. ScUnt, Goetting, toni. ii. p. 207. 

Vide 
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CHAPTER XXVI. 

ON THE BREASTS AND TEATS OF THE MAMMALIA. 

§ 364. The nourishment of the young animal immediately 
after birth, is derived in this class from the milk of the mother, 
which is secreted in the breasts. This secretion, which is pe- 
culiar to the class in question, has given rise to the name iTiam- 
malia, by which Linnaeus has distinguished them. Teats have 
been even discovered in the ornithorhynchus ;* but they seem 
also to be wanting in the males of some other species, as the 
hamster, and lemur mongox ; although this sex possesses them 
in general as well as the female. They are sometimes however 
found in smaller number in the former sex, as in the dog^ or in 
a different situation, as in the horse.f 

Numerous instances have occurred, in which milk has been 
secreted in the breasts of male animals, as in the goai, or, dog^ 
c(U^ and hare^ as well as in men. I have treated more particu- 
larly of this physiological phenomenon in describing a he'goaij^ 
which it was necessary to milk every other day for the space 
of a year.§ 

Milk is commonly found in the breasts of newly-born chil- 

« Home, ia the Philot. Trans. 1802, p. 69. 

t Daubenton, in Fourcroy's MSdeeine Eclair(e, torn. ii. p. 274. 

" NaturalUU were long at a loss to discover the mamms and teats of this animal ; 
in ^ male they were at length detected by Buffon, on the sheath of the penis. Mr. 
J. Honter also made the same remark, without knowing that Buffon had previously 
noticed it ; these teats are largest in the foetus and young foal." Rees's Cyclop, art. 
Anatomy of ths Horw. 

X The milking of he-goats, therefore, is not so extravagant a siqyposition as it ap- 
peared to the shepherd in Virgil, 

Qui Bavium non odit, amet tna carmina, MsBvi ; 
Atque idem jungat vulpes, et mulgeat hircoe. 

i HamOomehin Magatin. 1787, p. 753. 
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exceedingly minute excretory ducts in the middle of the gland, which 
open externally. Although I could pass neither silk nor mercigry 
tnrough the ducts, which were of themselves, as I have ohserved, ex- 
ceedingly narrow, and further contracted hy the spirit of wine, and 
filled with a thick fluid, the area was nevertheless indicated' in die 
skin. Although this part was covered wi^ hair, there appeared ne* 
vertheless, upon removing them, an opening of ahout nve lines in 
length, and three in hreadth, surrounded with ahout eighty minute 
foramina, finom which the hairs proceeded, and which were ptohaMy 
the orifices of the excretory ducts. There was, moreover, in the cen- 
tre of this opening, a small depression of about two lines in diameter, 
destitute of hair, but having several uneaual rugee^ among which 
one not equalling the size of a millet-seed, was more cOnspicnous 
than the rest. These were undoubtedly papillae, and orifices of the 
ducts. 

This discovery confirms the opinions of Oken and de Blainville, 
who although they had never examined a female ornithorh3mchus, lie* 
vertheless asserted that there could be no doubt of the existence of 
mammsp, on account of the numerous analogies presented by that 
animal with the other mammalia. This discovery also refutes the ar- 
gaments of those who inferred a want of mammae from the absence of 
nipples, from the shape of the bill, which is by no means adapted fov 
sucking, and from ova said to have been found in the ovaries, and* in 
nests, though there could be no foundation for this last assertion. 

§ S65. The position and number of the teats varies const* 
derably in the different species. Several irregularities ocotit 
in the latter point, particularly among the domestic animal^.^ 
Numerous exceptions must be made in some species, as the 
domestic saw, the guineiJhpigf and others, to the general nil^i 
which assigns to animals twice as many teats as the number of 
young which they ordinarily produce. 

Their situation is the most singular in the female marsupial 
animals, where there existence can scarcely be recognized, ex- 
cept at the time when the young are actually contained in the 
abdominal pouch, or false belly. 

Tyson, who on all other occarions displays the greatest 
acuteness, could discover no trace of teats in his female opos- 
sum* D*AboviIle expressly asserts, that they are JGoimed by, 
the suction of the young, that their number^ tberefejre, in ani- 
mals which are giving suck, exactly corresponds to the num- 

1 * , . - 

* Bufibn, torn. z« p. 295. 
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CHAPTER XXVII. 



ON THE INCUBATED EGO. 



% 867. The various vital processes of nutrition and formatioi^ 
which are carried on in the foetus of the mammalia, while in 
its mother's body, and by means of the most intimate connex- 
ion with the parent, are effected in the incubated chick by its 
own powers, quite independently of the mother, and without 
any extraneous assbtance, except that of the atmospheric air, 
and a certain degree of warmth. 

§ 368. The egg is covered, within the sheD, by a white 
and firm membrane, {membrana albuminis) which contains no 
blood-vessels. The two layers of this membrane, which in 
other parts adhere closely to each other, leave at the large 
end a space which is filled with atmospheric air.* 

This membrane includes the two whites of the egg^ each of 
which is surrounded by a delicate membrane. The external 
of these is the most fluid and transparent, the inner one 
thicker and more opaque; they may be separated in eggs 
which are boiled hard. 

The internal white surrounds the yolk, which is contained 
in a peculiar membrane called the yolk-bag. From each end 
of this proceeds a white knotty body, which terminates in a 
flocculent extrenuty in the albumen. These are called the 



* J. C. Hehl, Obttrvata PhyMogiea de Natura it Um Atrit, Oms Avium meUuu 
Tubing^ 1796, 4to. 

See Dr. Piris't adminble ptpcr on thii lubject, in die TramacHom of ih$ lAmutan 
Sodtiy, ▼ol.z.p.3, 904. 
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rounded extremities, but narrowest in the middle, is per- 
ceived at the end of the first day, not in nor upon the cica- 
tricula, but very near that part on the yolk-bag, (nidus pulli^ 
cottiguamentumj areola peUucida), This may be said to ap- 
pear before-hand, as the abode of the chick which is to follow. 

No trace of the latter can be discerned before the beginning 
of the second day, and then it has an incurvated form, resem- 
bling a gelatinous filament, with large extremities, very closely 
surrounded by the amnion, which, at first, can scarcely be dis- 
tinguished from it. 

About this time the halones enlarge their circles, but they 
soon after disappear entirely, as well as the cicatricula. 

§ 371. The first appearance of red blood is discerned on 
the surface of the yolk-bag, towards the end of the second 
day. A series of points is obsei'ved, which form grooves, and 
these, closing, constitute vessels, the trunks of which become 
connected to the chick. The vascular surface itself is called 
figura venosa, or area va^culosa: and the vessel by which its 
margin is defined, vena terminaUs. The trunk of all the veins 
joins the vena ports?, while the arteries, which ramify on the 
yolk-bag, arise from the mesenteric artery of the chick. 

§ 372. On the commencement of the third day, the newly- 
formed heart (the primary organ of the circulating process, 
which now commences) is discerned by means of its triple 
pulsation, and constitutes a threefold pttnctum saliens. Some 
parts of the incubated chicken are destined to undergo suc^ 
cessive alterations in their form ; and this holds good of the 
heart in particular. In its first formation it resembles a tor- 
tuous canal, and consists of three dilatations lying close toge- 
ther, and arranged in a triangle. One of these, which ia 
properly the right, is then the common auricle ; the other is 
the only ventricle, but afterwards the left ; and the third is 
the dilated part of the aorta {Jbulbus aorta;). 

About the same time, the spine, which was originally ex- 
tended in a straight line, becomes incurvated ; and the dis- 
tinction of the vertebras is very plain. The eyes may be 
distinguished by their black pigment, and comparatively im- 

2 B 2 
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On the fourteenth day the feathers appear ; and the animal 
is now able to open its mouth for air, if taken out of the egg. 

On the nineteenth day it is able to utter sounds ; and on the 
twenty-first to break through its prison, and commence a 
second life. 

§ 375. We shall conclude with one or two remarks on those 
very singular membranes, the yolk-bag and chorion, which 
are so essential to the life and preservation of the animal. 

The chorion, that most simple yet most perfect temporary 
substitute for the lungs, if examined in the latter half of incu- 
bation in an egg very cautiously opened, presents, without 
any artificial injection, one of the most splendid spectacles 
that occurs in the whole organic creation. It exhibits a sur- 
face covered with numberless ramifications of arterial and 
venous vessels. The latter are of the bright scarlet colour, 
as they carry oxygenated blood to the chick ; the arteries, on 
die contrary, are of the deep or livid red, and bring the car- 
bonated blood from the body of the animal. Hence, as is 
well known, the incubated bird perishes if the shell be var- 
nished over, as the respiratory process is thereby suspended. 
The trunks of the arteries are connected with the iliac ves- 
sels ; and on account of the thinness of their coats, they afford 
the best microscopical object for demonstrating the circula- 
lation in a warm-blooded animal. 

§ 376. The other membrane, the membrana vUeUu is also 
connected to the body of the chick ; but by a two-fold union» 
and in a very different manner from the former. It is joined 
to the small intestine, by means of the ductus mteUo-intestina' 
Us, (pedunculus, apophysis) and also by the blood-vesselsj 
which have been already mentioned, (§ 368) with the mesen- 
teric artery and vena portae. This is regarded by Leveille 
merely as a ligamenft It is well known that no true yolk is 
discoverable in the intestine of the incubated chick. Yet 
sometimes (not indeed always, but under certain circum- 
stances not yet sufficiently understood) air will pass firom the 
intestine through this part into the yolk-bag. This fact^ 
which was noticed by Haller, and after him by Maitrejan, has 



EXPLANATION OF THE PLATES* 

Excepting in Plate II. and Jig. 2 of Plate VIII. the ohjecU are rtpre^ 

sented qf tlte natural size. 



PLATE I. 

The Skull of the duck-billed animal {omithorhynchus para" 
doxus). A piece of the right side of the cranium has been 
broken off to shew the interior. The skull is devoid of 
sutures. 

a^ b. The two occipital condyles. 

c. The peculiar bony falx. 

d. The OS malare. 

e. The right orbit. 

f. The broad processus mandibularis of the upper jaw. 

g. A similar process on the lower jaw. 
h. The condyloid process of the jaw. 

i. The serrated edge of the fore and lateral part of the jaw, 

as in the duck, 
k. The second branch of the fifth pair of nerves. 
1, m, p. Twigs of this branch distributed to the integuments 

covering the bill, 
n, o. The intermaxillary bone of this side. 



* Tbcte Plates were not givea in the original edition. 
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d. The elastic laminae of bone for the moTeabk connexion 

of the upper jaw with the cranium. 

e. The membranous conchae of the nares. 

f. i. The first branch of the fifth pair. 

g. Twigs of this nerve to the integuments covering the 

upper mandible, 
h, i. The second branch of the fifth pair. 
ky ly m. Distribution of this branch to the upper mandible, 
hy n. The third branch of the fifth pair, 
o. A twig to the integuments of the lower mandible. 

PLATE V. 

A vertical Section of the Skull and Upper Mandible oi^ young 

toucan {tucanus ramphastos). 

a. The cavity of the cranium. 

b. The membranous conchae of the nares. 

c. A large fossa in the bill before these conchae. 

d. A membranous vertical septum by which this fossa is di- 

vided. 
Cf f. The horny upper mandible, the internal structure of 
which is cellular. 

PLATE VL 

The Eye of a Greenland seal (phoca groenlandica). 

a. The very thin cornea. 

b. The thick anterior zone of the sclerotica. 

c. The thin, yielding middle zone and its diameter. 

d. The posterior part of the sclerotica, very thick, and al« 

most of a cartilaginous structure. 

e. The broad ciliaris orbicularis. 

f. The iris* 
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PLATE VIII. 

Embryos of hedgehogs at different periods, to show the 
changes which occur in the placenta. 

Fig. 1. 
A very young Embryo. 

a, by b. The oval chorion opened ; the anterior half having 

been removed, 
a. Its thick, and nearly cartilaginous portion. 

■ 

hf b. The thinner lubricated parts. 

c. The tunica erythroides, 

d. The embryo, with its amnion^ which had hitherto been 

inclosed in the chorion. 

Fig. 2. 

An Embryo in a more mature state. 

a, b. The saddle-shaped placenta. 

c. The tunica erythroides. 

d. The abdomen of the embryo opened ; its intestines and 

vessels are represented in fig. 1. 

e. The liver. 

f. The bladder without urachus. 

g. h. The two umbilical arteries, 
i. The umbilical vein. 

k. The omphalomeseraic vessels. 



THE END. 



J. M'Creery, Tookt Court; 
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